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THE SEMI-CENTENNIAL OF THE 
DEARBORN OBSERVATORY. 





PHILIP FOX, 

On November 6, 1912 the Chicago Astronomical Society met at the 
Dearborn Observatory in observance of the completion of fifty years of 
its existence.* The foundation of this Society inaugurated the move- 
ment towards the erection of the Dearborn Observatory in Chicago. The 
Observatory was completed and the telescope in place on April 11, 
1866, and on that evening the members of the Society and guests 
assembled with the Director, Professor Truman H. Safford, to make 
the first observations. This marked the end of the preparation and 
the commencement of the active work of the Observatory. On April 11 
of the present year, the fiftieth anniversary of this event, commemora- 
tive exercises were held at Northwestern University. 

Volume I of the Annals of the Dearborn Observatory, recently issued, 
contains a brief history of the Dearborn Observatory, so that here the 
account may be condensed to the following paragraph: 

Under Professor Safford’s direction the work of the Observatory went 
forward actively until the great Chicago Fire of 1871 prostrated the 
city and robbed the Observatory of its support. Shortly thereafter 
Safford withdrew and entered the U.S. Coast and Geodetic Survey, 
later going to Williams College. Professor Elias Colbert, who had been 
Assistant Director, assumed active charge, and with the exception of a 
few months in 1876, when Mr. S. W. Burnham was Acting Director, 
remained in charge until the appointment of Mr. G. W. Hough to the 
directorship, on May 6, 1879. In 1881 the University of Chicago became 
involved in litigation over its property and, as a consequence, in July 
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1887 the Observatory was notified to vacate its holdings. On August 
10, 1887, a contract between the Society and Northwestern University 
was made, and shortly thereafter the instruments were transferred to 
Evanston and placed in the Observatory built through the gift of 
Mr. James B. Hobbs. Professor Hough actively conducted the observing 
until his death on January 1, 1909. Professor Malcolm McNeill of 
Lake Forest University was in charge until the appointment of the 
present Director, on September 1, 1909. 

The programme of the evening consisted in a series of addresses 
designed to review the progress of astronomy during the past fifty 
years, the lifetime of the Dearborn Observatory. They covered the 
four great phases: historical, observational, mathematical, and astro- 
physical, as will be seen by the programme and by the addresses 
themselves which are here reproduced in full. Professor Barnard’s 
address was accompanied by numerous lantern slides. Unfortunately 
these illustrations cannot be reproduced here. 


PROGRAMME 
Greetings from the University 
PRESIDENT A. W. HArrIs 
The Early Years of the Dearborn Observatory 
PROFESSOR ELIAS COLBERT 
Some Reflections on the Progress of Astrophysics 
PROFESSOR GEORGE ELLERY HALE 
The Progress of Mathematical Astronomy 
PROFESSOR Forest RAY MOULTON 
The Advances of Observational Astronomy 
PROFESSOR EDWARD E. BARNARD 


Appress By Proressor Euias CoLpert. 


THe Earty YEARS OF THE DEARBORN OBSERVATORY. 


It has been requested by the Director of the Observatory, that I 
glance briefly at the early incidents of the formation of the Chicago 
Astronomical Society, the acquisition of the telescope, and of the early 
years at the “First Dearborn Observatory.” I accede willingly, because 
I believe that I am the only person now living who can speak from 
personal recollection of the earlier part of that history: though I am 
something like Fagin, when he said “A very old man, my lord.” 

Near the close of November, 1862, Professor M. R. Forey came from 
New York to the University of Chicago, hoping to sell a Fitz telescope 
for about $8000.00. A conference with President Dr. J. C. Burroughs, 
Professor A.H. Mixer, Mr. J. Young Scammon, Mr. Thomas Hoyne, and a 
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few others, resulted in a meeting in Bryan Hall, then the largest in the 
city, on Monday evening, December 8. I was there, on the platform, but 
only as a reporter for the Chicago Times. Professor Forey addressed a 
full house. Then the Astronomical Society was organized, with 
Messrs. Scammon and Hoyne as President and Secretary. Subscrip- 
tions were liberal, for those days; $500.00 paid for a life Directorship, 
and $100.00 for a Life Membership; no astronomical knowledge being 
required from either members or officers. Members were to have the 
right to visit the Observatory one night in the week with their families. 

William Harvey Wells was then Superintendent of Schools in 
Chicago. He was elected Vice-president of the Society (I think) at the 
first meeting. From him I learned that there was some reason to doubt 
the wisdom of buying the Fitz glass. I stated that (and some other 
things) in an article in the “Times” of December 20 following. “Quite 
a noise” resulted, including a visit to me by Mr. Hoyne at the office, and 
the belief that I knew more on the subject than they previously had 
given me credit for. 

Then, January 23, 1863, our Mr. Hoyne paid a visit to Alvan Clark 
at his home in Cambridge, near Boston, who had for sale what was 
then the biggest and best refracting telescope in the world. Of course, it 
is well known that larger ones have been made since then: It was 
made by Alvan Clark & Sons (glass brought from near Birmingham, 
England) for the University of Mississippi: But the contract fell 
through because of the war of the rebellion, and now the glass was 
already famous, the companion to Sirius having been discovered 
through it about a year previously. It cost our Society $18,187.00, in- 
cluding $7,187.00 for mounting it here. It was understood to have 
an aperture of 18%4 inches and a focal length of 23 ft. 2in. Then 
Mr. Scammon magnanimously offered to pay for the building of an 
observatory on condition that it be named “The Dearborn” after his 
first wife—a near relative of whom, General Dearborn, had been 
U. S. Secretary of War long before Chicago was a city. 

I believe that a brother-in-law (name forgotten) of Elihu Burritt, the 
learned blacksmith, was Professor of Astronomy previous to May, 1865, 
when Professor Truman Henry Safford was chosen by the Directors of 
the Society as Director of the Dearborn Observatory, and became 
Ex-Officio Professor of Astronomy in the University. I met him a few 
times, but only as I was City Editor of “The Tribune”. (Changed from 
“Times” to “Tribune” in 1863). Safford and I got acquainted easily 
and we two were together when, fifty years ago, Alvan Clark turned 
over the telescope to Safford as completely ready for use. I believe I 
took the very first peep through the tube after that. I wrote that up 
for the Tribune. The instrument worked all right, but the dome was a 
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mechanical failure. It worked badly from the start and was a working 
horror until I raised the money to build a new one in 1875. There was 
no Meridian Circle until, I think, 1868, when one, the gift of Ex-Mayor 
Walter S. Gurnee, was placed in position. 

In August 1869, Professor Safford and I went together to Des Moines, 
Iowa to observe the total solar eclipse on the 7th of that month. Asa 
sequence to that, he and I agreed to establish a time service in Chicago. 
I raised the money needed to build a clock in the City Court House 
tower, to be connected by wire with the Observatory and also with 
several local jewelers. Soon after that was begun, the Society declared 
me to be Emeritus Assistant Director of the Dearborn Observatory. We 
had built the clock in place and the reflectors to the dials were at 
Toledo on the way to Chicago on the night of the great fire of October 8, 
1871, which burned down the clock with the Court House. The Uni- 
versity and the Observatory building, were untouched by the fire. They 
- were outside its limits. 

The great fire burned up the records of the Society and its balance 
in bank. A large percentage of the property burned had been insured 
in “Home Companies” which could not pay, etc., etc., etc. There was 
no money with which to pay the salary of the Professor as Director of 
the Observatory, and he was obliged to find work elsewhere. In the 
two and one-half years succeeding the fire he taught astronomy at 
Beloit, Wis., and did some surveying work in the Western States for 
the U. S. Government. 

March 16, 1874, the Society held its first meeting since the great 
disaster. At that gathering Professor Safford submitted a report giving 
the mean declinations of 981 stars for January 1, 1875, and was granted 
leave of absence for two years, as he had received an offer of an 
appointment by the Government of the United States. Then I was 
declared to be Emeritus Director of the Observatory. Early in the next 
month I began teaching in the University as Professor of Astronomy. 
I continued that for five years, giving to the work about all the time I 
could spare from daily work on the Tribune, the governing power of 
which paper had consented thereto without any request from myself. 

In those five years I worked gratuitously to increase the membership 
of the Society, build up a new dome over the big telescope and build 
up a time service. I succeeded well enough to be able to inform the 
Society that it could well afford to pay a better man than myself to do 
the work, was assured that the same would not think of choosing 
another man if I would consent to take pay and do the work, and I 
refused the offer with thanks. Then I nominated Professor G. W. Hough 
as Professor Safford had obtained a situation in Massachusetts, which 
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he declined to leave. Subsequently I have had the honor to nominate 
Professor Philip Fox, the present incumbent, who succeeded soon after 
the decease of Professor Hough. 


Appress BY Proressor E. E. BarNarp. 


A Few AstronomicAL Events oF THE Past Firty YEars. 


The great civil war between the North and South placed the Dear- 
born telescope in Chicago. Its original destination was the University 
of Mississippi, for which it had been ordered before the outbreak of the 
war, but the consequent impoverishment of the finances of the univer- 
sity prevented the final purchase of the instrument. 

In connection with this statement an interesting question might be 
raised as to what effect this change of destination had on the subse- 
quent history of the telescope. The instrument is famous through the 
double star work of Burnham and Hough. With it they discovered 
many of the most interesting of the double star systems. Had there 
been no war the telescope would have gone south. Would it have 
found there a Burnham to immortalize it? In all probability no. It 
has always been an active instrument. Even now, though giant teles- 
copes have risen in the later years of its life that far surpass it in 
power, it is still an important instrument and not only keeps up the 
traditions of the older astronomy in the observations of double stars 
but dressed in a new suit, as it were, and inspired by new accessories 
in the able hands of Professor Fox, it resolutely faces some of the most 
important problems of the newer astronomy. 

But my time will not allow me to dwell upon the career of this 
telescope which the fortunes of war so greatly affected. Its career has 
been a brilliant one and really began before the instrument was actu- 
ally finished, for it was while testing the telescope before its final 
completion that the younger Clark discovered with it the companion 
to the great star Sirius. This discovery was of high importance, mainly 
because it verified a theory that had been held for some time that 
such a companion star must exist to account for the irregular motion 
of Sirius through space. 

Let me linger here for a moment on some facts connected with this 
discovery, for they are pertinent now. Four years ago marked the 
semi-centennial of the finding of this important star. Its period of 
revolution about Sirius is very close to fifty years, and it has made a 
complete circuit about the great star since its discovery. The event, 
therefore, that we celebrate today synchronizes with the period of this 
wonderful star. Thus is the life history of the Dearborn telescope 
woven in with the motions of some of the stellar systems. 
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Even when one necessarily leaves out the wonderful work of the 
spectroscope, it is impossible, in the time allotted me to more than 
briefly refer to a few of the remarkable things that have been done in 
the field of astronomy in the past fifty years. To recognize all of 
these, or even a considerable portion of them, would require a catalog 
of events. Such a dry compilation would be tedious to make and 
would be far more tedious to listen to. I have, therefore, thought best 
to confine myself to a recitation of a few of the more interesting facts 
and to make no attempt to cover the growth of astronomy in general 
in the time. It is difficult to crowd fifty years of anything into twenty 
minutes of time! 

The advance of astronomy in the last fifty years is due mostly to 
new methods of research and to increase in optical power, but mainly 
to new methods and new accessories, all of which, however, depend 
upon the telescope. It is pleasing to see that the reflecting telescope, 
which had been relegated to the amateur, has again come into its own. 
lt has, from many points of view, become one of the most important 
instruments in astronomy. It more readily lends itself to these various 
accessories of research in some ways than the refractor and it is all 
supreme for photographing the nebulae. Nowhere is this fact so 
splendidly shown as at the Solar Observatory of the Carnegie Institu- 
tion at Mount Wilson in Southern California, where Professor Hale has 
erected the great 60-inch reflector, and where he is soon to have in 
operation a reflecting telescope of 100 inches aperture—a_ telescope 
over eight feet in diameter, the largest ever made. One of the most 
remarkable facts in connection with these two great instruments— 
along with others in use on Mount Wilson—is that they were made in 
the shops of the observatory in Pasadena. Some of these instruments, 
such as the great tower telescope, are unique, and show the wide 
diversity of Professor Hale’s genius in devising extraordinary and 
successful means of research. 

The work of the great telescopes of the Yerkes and Lick observatories 
under the direction of Professor Frost and Professor Campbell respect- 
ively has been of the highest importance in the advancement of all 
branches of astronomy. A large part of the work with these great 
instruments is spectroscopic and hence out of the reach of my subject 
tonight. Both these telescopes have contributed greatly to double star 
astronomy in the hands of Professor Burnham. 

But if we speak of the progress of astronomy in the past fifty years, 
we must constantly refer to photography, for without it the progress 
would have been relatively small. It comes down really to a statement 
of what photography has done for astronomy. Photography as it was 
when the Dearborn Observatory was young could never have done 
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much for astronomy. It has passed through two periods, the wet and 
dry processes. It wasin the earlier period at that time, where the 
plate must remain wet throughout the process of making the negative, 
and was relatively very slow in its action. As the plate must remain 
wet, long exposures could not be given to overcome the want of sensi- 
tiveness. At that time, in the hands of Rutherford, it had pictured the 
surface of the Moon and had recorded the spots on the Sun. In both 
these cases there was plenty of light. It had had a try at the stars but 
with little success. It had attempted to show the great comet of 1858 
but had made a failure of it. No one had even hoped that it could 
register the forms of the fainter nebulae. It had made no promise to 
the spectroscope, which itself was just beginning to awaken to the 
marvels of astronomy. In a word, it had not yet risen to be the “hand 
maid” of all the sciences and to become a science itself. 

In the application of photography to almost every branch of astron- 
omy the Harvard College Observatory, under the administration of 
Professor E. C. Pickering, has attained to the very highest importance. 
The collection of photographs of the sky obtained there and at the 
Harvard Station at Arequipa covers the entire heavens many times 
over. In the case of the discovery of a nova (and many of the novae 
have been discovered there) its early history and the actual time of 
its appearance within close limits are always found on the plates of 
this one observatory. The entire history of a variable star can be 
traced back almost from day to day for many years and in some cases 
for over a quarter of a century. The great increase in the discovery 
of variable stars, as one example, is due almost entirely to the ease 
with which every part of the sky can be compared at different times 
—days or months or years apart—and thus any change in the light of 
the stars can be noted. It was by this means that Professor Bailey of 
the Harvard College Observatory found that some of the great clusters 
of the sky contained many variable stars, the period of whose light 
changes was, in most cases, short and regular. In the cluster M 5 most 
of the variables have a period of about half a day. Their normal state 
is faint, from which condition they suddenly begin to brighten, like one 
awakening from sleep, and rise rapidly in an hour's time to their full 
brightness and then slowly sink to rest again—their active period being 
only a small part of their entire light change. A large number of 
these small stars range through about one magnitude, from 14% to 
13’ magnitude. If one watches this cluster on any one night with a 
powerful telescope he will see some of the stars in it increasing in 
brightness while others are fading to obscurity, as if in it were scattered 
a number of fireflies! But what does it all mean and what is the 
wonderful mechanism in the far depths of space that makes so many 
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of these stars quickly awaken to life and then slowly sink to rest 
again? And why should their light variations and their periods be so 
nearly the same? Perhaps the most prolific of these clusters in vari- 
able stars are Omega Centauri and M 5. In each of these there are a 
hundred or more variables known. 

Though no new worlds, in the ordinary sense, have been discovered, 
there have been added to the known worlds at least eight new moons, 
five to the planet Jupiter, one to Saturn and two to Mars. Five of these 
are due to the sensitive photographic plate. At least two of them 
have not yet been seen with the human eye. 

The known asteroids, or small planets, which lie in a zone between 
the orbits of Mars and Jupiter, have increased rapidly until not far 
from a thousand are now known. The discovery of these small bodies 
since 1892, when Dr. Max Wolf first found one by the new process, 
has been almost wholly due to photography. New ones are constantly 
being found. Sometimes as many as five or six are shown on one 
plate. 

The most interesting of these planets is Eros, whose mean distance 
is less than that of Mars and which can come within some thirteen 
millions of miles of the earth. This small planet has already given us 
a new and accurate value of the solar parallax and is destined at a 
favorable opposition to give a still more accurate value. A group of 
these small bodies has been found which have a mean distance 
greater than that of Jupiter. The smallness of many of these little 
planets thus found gives the impression that there must be many 
thousands of them, perhaps hundreds of thousands, ranging all the 
way from five hundred miles in diameter to the size of grains 
of sand. 

Our knowledge of the Sun has increased tremendously in recent 
years. This has been due almost entirely to the spectroscope and to 
its application to the spectroheliograph. But this has already been 
dealt with tonight by a master of the subject. 

Perhaps the only department of astronomy not seriously affected by 
photography is that of the double stars, where the eye at the telescope 
is still greater than the photographic plate. The progress in double 
star work is due meinly to visual observations. In late years Aitken, of 
the Lick Observatory has achieved remarkable success in this depart- 
ment of the older astronomy. But the sensitive plate is even trying 
to encroach on the work of the double star observer. The most inter- 
esting systems, however, with one or two exceptions, are at present 
beyond its reach. 

The spectroscope has introduced to us a new class of double stars, 
whose periods in many cases are only a few hours or a few days, and 
which will never be seen separately with any telescope. 
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The development of planetary astronomy has not been in keeping 
with the rapid progress of the science in almost all other directions. 
This has been due mainly to the fact that, as in the case of the double 
stars, the magnifying power of the telescopic eyepiece is a necessary 
factor in the work. The direct image formed by the object glass must 
be magnified before the components of a close double star can be seen 
—and the close double stars in general are the most interesting. In 
the same way the unmagnified image of a planet is so small—even in 
the largest telescopes—that the surface features either cannot be seen 
or are so crowded together that they become one on the photograph. 
To overcome this difficulty the direct image of a planet must be mag- 
nified before it falls on the sensitive plate. Much progress has been 
made in this direction by the use of a secondary enlarging lens which 
projects an enlarged image of the planet directly on the plate. This 
process was first used with considerable success by Professor W. H. 
Pickering at the temporary station of the Harvard Observatory on 
Mount Wilson in 1889. Professor Pickering secured fairly good 
enlarged images of Saturn and excellent ones of Jupiter at that time 
with the 13-inch Boyden telescope and a positive eyepiece to enlarge 
the image. The real advance in planetary photography, however, is 
due to Lampland at the Lowell Observatory, who has succeeded in 
making excellent enlarged photographs of the planets—especially of 
Mars. Similar work has also been carried out at Mount Wilson by 
Professor Hale and at the Yerkes Observatory. I think undoubtedly 
that this class of work, which is of the very highest importance, is 
going to see its greatest perfection with the reflecting telescope— 
especially with reflecting telescopes of relatively great focal length 
supplemented by secondary enlarging mirrors and lenses. 

Astronomers with visual telescopes are greatly indebted to color 
filter photography, as adapted by Ritchey at the Yerkes Observatory 
to ordinary refractors, which from their nature were not intended 
for photography. The splendid photographs of the Moon and of 
the star clusters made by him with the 40-inch telescope were 
a great advance over earlier work with regular photographic telescopes 

This simple application of the color filter and the isochromatic 
plate has made the 40-inch telescope one of the most important instru- 
ments for the determination of the distances of the fixed stars. Photo- 
graphic parallax work was first done with it by Dr. Frank Schlesinger, 
who showed the remarkable accuracy that could be obtained by this 
method. This work with the same instrument has since been carried 
on successively by Fox, Slocum and Mitchell. Dr. Lee, in conjunction 
with Professor Van Biesbroeck, is prosecuting this work at the Yerkes 
Observatory with the greatest success. Van Maanen has also shown 
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that parallax determinations made with the great 5-foot reflector of 
the Solar Observatory at Mount Wilson (a regular photographic teles- 
cope) are of the very highest accuracy. Astronomers now know quite 
accurately the distances of a large number of the fixed stars. In this 
way we find that it is not always the brightest stars that are nearest 
to us. A considerable percentage of the nearest stars are not visible 
to the naked eye. 

There are perhaps (if we leave out the work of the spectroscope) no 
astronomical subjects that have been so vastly benefitted by photogra- 
phy as the nebulae and comets—the comets and the nebulae, which at 
times look so much alike and at other times are so wonderfully differ- 
ent, and which have no relationship in reality. Indeed half the life of 
the Dearborn Observatory would cover most of this class of work. The 
brighter nebulae were pretty well known before this, through the labors 
of Lord Rosse and others. Nor have we gained much in this line with 
the great visual telescopes that have come later. This can be said 
even more emphatically with respect to the comets. It is hardly too 
much to say that the bigger the telescope the less we have learned 
about these latter bodies. The comets and the nebulae were two 
subjects that the eye and the telescope alone could not do a great deal 
with, especially as the eye was not ordinarily supplemented by a 
skilled hand to draw what was actually seen. In reality the observer 
got much pleasure from his work, but he was not able, from the lack 
of artistic skill, to transmit what he saw to others. Furthermore, his 
eye lacked the power of seeing certain kinds of light in which the 
nebulae and comets were specially rich. He did not see all that was 
to be seen. In this perplexed condition there was given to him another 
eye that could not only see what he saw but much more, for it was 
especially sensitive to that other light with which the comets and the 
nebulae partly shine, and which combined with this power of seeing, a 
hand more skillful than that of any artist that ever lived. This was 
the photographic plate. 

But let us separate these two subjects for a time and deal with them 
independently. Our common interpreter for both is the photographic 
plate. 

The ordinary photographic plate is sensitive to a region of the 
spectrum to which the eye is almost blind. Many of the nebulae shine 
mostly with this light and thus the photograph has a great advantage 
over the eye, for though seen but dimly they are bright to the photo- 
graphic plate. Furthermore, the eye becomes wearied after long gazing 
and one cannot see more by looking longer. The reverse of this holds 
with the sensitive plate—the longer it looks the more it sees, for its 
action is cumulative and it may be given many hours exposure, bring- 
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ing into view, successively, fainter portions of the object. Thus faint 
nebulosities whose light could never affect the eye, are finally shown 
as a Clear and accurate picture which can be preserved and studied 
years afterwards for the detection of changes in these bodies. The 
photographic telescope, especially the portrait lens, has a very much 
larger field of view than the visual telescope, which is a very import- 
ant factor in the study of the nebulae or comets and of the Milky Way. 
Vast masses of diffused and faint nebulous matter, covering large areas 
of the sky are thus revealed. Much of this is too feebly luminous for 
the human eye ever to see. Some of this obscure matter appears to 
be nearer to us than the distant stars, for it obscures their light. There 
are other masses of it that seem to be entirely devoid of light whose 
presence is only known by the blotting out of the light of the stars in 
their direction. These feeble and widely extended nebulosities are 
found more especially in connection with the Milky Way. Some of 
the individual stars of the Pleiades are centers of condensation of 
what appears to be nebulous matter, and all that region of the sky is 
covered with streaky masses of feeble light. Are these great beds of 
luminous matter really gaseous? The spectroscope in recent years has 
thrown much doubt on some of it, though there are many of them 
whose gaseous condition it confirms. 

We used to think of these nebulae as being at vast distances from 
us, much beyond the limits of our universe of stars. Photography has 
shown in many ways that though their distances must be great indeed, 
they are often well this side of the more distant stars, and that many 
of them—perhaps most of them—are within our stellar system, and 
are no farther away than some of the brighter stars. 

In looking at the nebulae (such, for instance, as the great nebula of 
Orion) and at photographs of them, one is impressed with a sense of 
supreme quiet, where changes must be slow and majestic. But this 
serene condition would seem to be only apparent. Astronomers 
have found with the spectroscope that in reality the great nebula 
of Orion is a seething mass of gaseous matter where there is no rest 
and over whose vast bulk relative motions of several miles a second 
are constantly taking place.* But the eye, after careful years of watch- 
ing, sees no change in the face of this sublime object. Thus we had 
come to the conclusion finally that the nebulae would not change per- 
ceptibly in the lifetime of an individual, and this in general seems to 
be true, but very recently Mr. E. P. Hubble of the Yerkes Observatory 





* This was long suspected by Vogel, and was proved by Fabry and Buisson by 
interferometer methods. It has recently been fully confirmed by Frost with the 
spectrograph, 








486 The Semi-Centennial of the Dearborn Observatory 


has found remarkable changes in the form of another, but insignificant 
nebula, N.G.C. 2261. This object is the finest example of the comet-like 
nebulae that exists. The change in its form shown by the photographs 
is real and the interval required to show it is only half a dozen years. 
This change in the form of a nebula seems to be unique and is very 
important. 

Add to these facts the enormous radial velocities observed in some 
of these bodies—especially in the spiral nebulee.—where motions of 
the order of a thousand kilometers per second have been found by 
Slipher and others—and we begin to look upon these objects with an 
awakened interest that is almost sensational. 

If these evidences of change stir our emotions, what must we say of 
the comets where utter transformations may take place in a few hours 
time? These bodies, always mysterious, are sometimes the source of 
wonderful activity. Their stay with us is short and their period of 
activity is shorter still. Very few comets develop a tail and fewer still 
become visible to the naked eye. Bright comets are, therefore, always 
welcome visitors. They are even more remarkable than the nebulae 
in their preference for the photographic plate. A comet not visible 
to the naked eye, and which even in the telescope is faint and shows 
no tail, may present to the sensitive plate a long and elaborate tail full 
of structure and rapid changes. It may even discard that tail, which 
can be followed for days by photography as it drifts away, with a speed 
of many miles a second, and finally dissipates in space. In dealing 
with comets visually there is not only the lack of artistic skill in draw- 
ing what the observer sees—since accurate measurement with respect 
to a comet’s tail as seen with the naked eye is not possible—but there 
is the further fact that he is blind to much of the light that some 
comets emit. There are really two sources of light in a comet. One 
is sunlight reflected to us, the other is light emitted by the comet 
itself. It is this last light which is peculiarly photographic and which 
must actuate all the changes in the features of a comet. Halley's 
comet, at its return in 1910 was in some respects a source of disap- 
pointment, though a beautiful and wonderful object to the naked eye. 
When it once became active, it presented few changes or peculiarities 
to the photographic plate, and there was little learned from it that 
would advance our knowledge of the physical condition of these bodies. 
But only two years before the advent of Halley’s comet there appeared 
a small one (Morehouse’s of 1908) which in the telescope was a rather 
insignificant affair, and which was only feebly visible to the naked eye 
for about one day. This object has given us a greater knowledge of 
the physical condition of these bodies than all other comets that have 
appeared. The photographic plate was especially sensitive to its 
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ight, while the eye was not. A bewildering amount of structure was 
shown in its tail, which was frequently twisted and distorted in its 
rapid changes. Several times the tail was discarded and new ones 
formed in a few hours’ time. All of these remarkable peculiarities 
would have been wholly unknown had it not been for the photographic 
plate. Through the information thus gained from this comet and 
others that preceded it we have learned that though comets are 
dependent on the Sun for most of their activity, they really take a 
larger part in the formation of the tail and the direction of the stream- 
ers than we had previously given them credit for. These photographs 
show that perhaps electrical conditions have much to do with the 
phenomena of a comet’s tail. They also suggest that other forces are 
at work in the inter-planetary spaces than gravity alone. 

Photography offers a ready means of determining the brightness of 
vast numbers of stars. But since the eye is sensitive to yellow and 
the photographic plate to blue light, and the stars are of all colors, large 
discrepancies are often found in comparing photographs of the stars 
with the sky. It is, however, possible to reconcile these differences 
and Professor Parkhurst of the Yerkes Observatory and other astrono- 
mers are at present engaged in the important task of this reconciliation. 
Photographic magnitudes can, therefore, now be made strictly compar- 
able with the visual. 

Stebbins with his selenium photometer and others with photo-electric 
devices have been able to measure incredibly small changes in the 
light of the stars. Even the heat of the stars has been measured by 
Nichols and others by the delicate methods of research employed today. 

Time forbids an account of the remarkable investigations of Kapteyn 
on the star streams of the sky. His work gives us an insight into the 
makeup of our stellar universe that is new and impressive, and of the 
utmost importance. 


(To be continued.) 
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But the most important result of Scheiner’s years of patient obser- 
vation was the determination of the elements of the sun’s rotation. 
The determination of these elements had been the final aim of his 
labors; and that he was overwhelmingly successful can readily be 
learned by comparing his results laboriously obtained by crude instru- 
ments and methods with the results obtained by modern methods and 
instruments 270 years later. Galileo had stated his belief in the sun’s 
rotation as early as October 1611; but as we have seen, the idea of 
rotation of the sun was for a long time intolerable to Scheiner, who 
through his peripateticism was constrained to the consideration of the 
“Rose of the Orsini” as corpus durum et invariable, and only relin- 
quished this idea when writing the Rosa Ursina, acknowledging the 
correctness of Galileo’s views. But, if long denying the sun’s rotation, 
after he once became convinced, Scheiner’s many observations and 
careful, painstaking methods of investigation enabled him to determine 
with notable accuracy the elements of this rotation. These elements 
are: the inclination of the sun’s axis to the plane of the ecliptic; the 
period of rotation; and the longitude of the ascending node on the 
ecliptic. 

The first of these—the inclination of the sun’s axis—was considered 
by Scheiner to be the most important of the three, and the most diffi- 
cult of determination. He writes:* 


The determination and accurate knowledge of this quantity is one of the most 
important and weighty points of the whole phenomenon. Hence I directed all my 
energy to it, to make a fundamental determination of it, and to reach a well 
established truth. But I found...... sometimes 6°, and so far as I know never less; 
sometimes 8°, but never more; but most of the time I found 7° or 7%°. On this 
account I have taken 7° to be the usual value. However, I do not consider this 
question settled, nor am I unwilling to agree if anyone finds another value, but I 
do not believe that this will happen. For half a degree makes no perceptible 
difference in this solar phenomenon, as I have indicated in numerous instances...... 
Hence I have taken 7° for the mean value, but also because I more often found 7°, 
and chiefly because I have used extraordinary care in the investigation. Moreover, 
I suppose that each variation or over estimate is due to some other cause, of which 
I will speak later. 


* Ibid. p. 554 et seq. 




















Walter M. Mitchell 489 





Concerning the cause of these variations from the mean Scheiner 
remarks: * 

Because, on account of their continual change of size and their individual 
movements, the spots readily deviate in one direction or another from their path, 
and hence the curvature of this path may be increased or decreased, and this 
increases or decreases the inclination by a small amount. This might also happen 
through local motions or displacements or activity in the spot itself.... .But this 
does not in any way influence the underlying regularity of the sun's motion itself. 


Scheiner’s value of the inclination of the sun’s axis to the plane of 
the ecliptic as determined in 1630 is 7°. Comparing this result with 
those found by later observers; Carrington’s value is 7° 15’; Spoerer's 
value is 6° 57’; the mean of these is 7° 6’, which is in close agreement 
with Scheiner’s value. 

Galileo made no mention of the inclination of the sun’s axis previous 
to the publication of the Dialogues in 1632, apparently believing it to 
be perpendicular to the plane of the ecliptic. The Rosa Ursina was 
published two years before; in it Scheiner calls attention, as we have 
seen, to this “error” of omission by Galileo. We recall Galileo's rage on 
seeing this, as expressed in the letter to Fulgenzio Micanzio of Febru- 
ary 9, 1636.+ In this letter Galileo claimed to have been the first to 
discover this element of the sun’s rotation, but as he himself states he 
neglected to make any announcement of it. It is extremely probable 
that Galileo must have been aware of this inclination before he saw 
it mentioned in the Rosa Ursina, for the consequences of this inclina- 
tion—the changing positions of the paths of the sun-spots as they 
crossed the disk—furnished him with one of his strongest arguments 
in supporting the Copernican theory. And Galileo had stated his belief 
in this long before the date of appearance of the Rosa Ursina. If 
Galileo was aware of this inclination, he evidently made no attempt to 
determine its value, satisfying himself with the assurance of its actual 
existence; while to Scheiner belongs the credit for determining its 
value with accuracy. 

The second element of the sun’s rotation—the longitude of the 
ascending node—was entirely neglected by Galileo. In determining 
this, Scheiner proceeded somewhat as follows: He perceived that the 
period of the apparent motion of the sun’s pole was one year—very 
obvious according to the Copernican theory—and proceeded to describe 
the methods by which this could be explained according to the 
Tychonic system. He then came to the question; what instant should 
be assumed as the time of beginning of this apparent motion; that 
is, when will the earth bein the line of nodes? Scheiner first mentions: 


* Ibid. p. 557. 
+ Gal. Op. 16, 391. 
* Rosa Ursina, p. 558. 
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the difficulties encountered in determining this instant, in which the 
paths of the spots across the sun appear as straight lines. This deter- 
mination is embarassed by the fact that the conditions under which 
the spots describe apparently linear paths last for some time, which 
also holds true for the times of maximum curvature of these paths. 


Since this thing presents difficulties from all sides, but on the other hand as it 
is one of the most important points [of the solar theory], I have tried to solve it by 
every possible means, and have investigated it with all important facts......After a 
great deal of labor, I have found as one can say...... that the south pole of the sun 
reaches the periphery of the visible solar disk at about the first of December, or 
perhaps the 28th of November...... 

From this Scheiner deduced “about” 69’ as the most probable 
value for the longitude of the node. Reduced to the present epoch 
this value becomes 73°.1 in close agreement with Carrington’s value of 
74°.5, and Spoerer’s value of 75°.7. Considering the crudeness of the 
instruments, and the practical difficulties of the method, the value 
deduced by Scheiner is certainly an excellent one. 

The period of rotation was deduced from the apparent paths of such 
spots as were suitable for the purpose. Scheiner noted the time 
required by these in travelling from the eastern to the western limb of 
the sun, in order to ascertain from it the angular velocity of their 
motion, having due regard of course for the inclination of the sun’s 
axis. The period was also obtained from observation of the successive 
reappearances of certain spots. The value finally deduced, of 27 days 
for the synodic period* he regarded as only approximate, “for many 
more years of observation and better instruments are needed.” From 
27 days, a value of 25.3 days is deduced for the sidereal period, in close 
agreement with Carrington’s period of 25.38 days in general use at 
present. 

These accurate determinations of the elements of the sun’s rotation 
are the greatest fruits of the years of patient toil which Scheiner 
devoted to accumulating his observations; and in truth, after 280 
years our modern values show little change. When one remembers 
the crude apparatus at Scheiner’s disposal, and the limited range of 
the methods of mathematical analysis at that time, one must freely 
yield to him all praise for careful and accurate observing. 

Scheiner naturally attempted to formulate a theory which might in 
some measure explain the causes of the transformations which he 
observed continually taking place on the surface of the sun. But in 
this he was quite conservative, restraining himself from assertions 
which could not be supported by the observations. He wisely devoted 


* Ibid. p. 601. 
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himself to observing, and in this he was pre-eminently successful, 
surpassing all others before him, and indeed many since his time. That 
Scheiner refrained from extensive theorizing was undoubtedly due to 
his subservience to tradition, and to the deficiencies of the sciences of 
physics and chemistry which he clearly recognized. Nevertheless, it 
is true that in the Rosa Ursina Scheiner did to a certain extent break 
away from the accepted and traditional explanation of natural phe- 
nomena, but it was necessary that he should either do this or deny the 
evidence of his own senses. But in fear of giving offense to his religious 
colleagues he dared not advocate these unconventionalities too strongly. 
Yonsequently he collected, with untiring patience, endless quotations 
from the Church Fathers regarding the nature of the heavens and 
stars, to show that his views did not conflict with the established 
doctrines of the Church. One sees with pity, how, arrayed one after 
the other, the views deduced from the previously conceived notions of 
such men as Chrysostum, Gregory of Nyssa, Anastasius, Augustine, 
Bonaventura, Origen, Ambrose, Hilarius, Justin the Martyr, and hosts 
of others, of absolutely no value whatever for the purpose, are employed 
to defend and justify those things, the certainty of which had already 
been proven by the observations. But Scheiner’s subservience to the 
spirit of the times will not disparge him in our eyes, if we but transport 
ourselves to a similar position in that time of strife and discord, in 
which the newly conceived views of nature were still engaged in a 
conflict with the established traditions of the Aristotelian School. 
Independent of the fact that the sun was no longer the “unspotted 
eye of the world,” which could be denied by no one who looked through 
a telescope, Scheiner no longer held to the older view that the sun was 
a solid body throughout. He now conceived that the sun, at least that 
portion of it in which the ever changing phenomena were observed, was 
gaseous or fluid and in a fiery or glowing condition. It appears that 
he conceived of a layer or stratum similar in many respects to what 
we have called the photosphere. The spots, he believed, were solid 
bodies which swam or floated or were immersed in the fluid stratum, 
often rising to its surface like bubbles. The changes that here took 
place Scheiner believed resulted from “extraordinary increase and 
decrease of density,” or at least this was the cause of the difference of 
level. One recalls his statement, “the nucleus is more dense than the 
penumbra, which in turn is more dense than the faculae;’ and the 
remark concerning the “immersion” of the nucleus, as of a dense body 
floating in a less dense medium.” However, there is naturally much 


* Just why a more dense body should float in a less dense medium is not 
apparent. 
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in his views that is vague and obscure; but today, even after 280 
years, it cannot be said that the present solar theories are wholly 
satisfactory even as far as the known facts are concerned. 

The interior of the sun is little more accessible to us than it was 
to Scheiner, nor can we say that our knowledge is much more complete. 
It is certain that Scheiner did not consider the interior cold, dark and 
habitable as did Herschel; nor does it appear that he considered it a 
rigid body. He considered not only the outermost visible surface of 
the sun, but the whole body of it as a place of tremendous convulsions, 
the effects of which were to be seen in the spots, faculae and granula- 
tion. Scheiner emphasizes the fact that the phenomena which we 
observe have their origin not outside of, but within the body of the 
sun; the ultimate causes of all the great changes and transformations 
visible on the surface, must be sought for in the interior of the sun. To 
explain the phenomena: 

wecaes one must recourse to inner occurrences, so that whatever may be the sub- 
stance which causes the formation of the spots, it is driven from the interior of 
the sun itself, through local condensations, with the accompaniment of many 
changes to the surface...... The mutual repulsion of the spots, which occurs during 


the course of growth, and the attractions, which would otherwise be difficult to 
explain, all testify to this. * 


It concerns him at this place to state also that the spots do not 
originate through the annexation of any material which may be exterior 
to the sun, but are formed from the material of the sun itself. 

Scheiner opposed the objections which were advanced against the 
assumption of a burning sun. The objection that such a condition 
should have resulted in some visible effect, he dismisses with the 
remark that with such an argument one could oppose every hypothesis 
of whose truth one is not yet convinced. He adds? that since its 
creation, the earth has undergone enormous changes; one needs only 
to think of the gigantic glaciers which descend into the valleys, yet the 
Alps remain mountains and the valleys remain valleys. In a similar 
manner the sea makes great changes in the land, but if these changes 
were to be viewed from a distance they would be unnoticed. How 
then, can we notice the gradual changes in the sun? Scheiner believed 
that in spite of the great changes that take place, the sun as a whole 
remains essentially the same, that there is no combustion and that 
nothing is lost. As an illustration he mentions water, which may be 
transformed into vapor by heat, and then by cooling transformed into 
water again, without loss of material. Also charcoal dust, which is 


* Ibid. p. 493. 
+ Ibid. p. 654. 
+ Ibid. p. 655. 
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very inflammable, when enclosed in an airtight container can be “exposed 
to the most intense heat for days and days without loss of material.” 
Hence, if the sun is incandescent, it by no means follows that it is 
consumed. 

Concerning the interior of the sun, Scheiner expressed himself in an 
equally unconventional manner. He does not hesitate not only to 
assume that the fluid condition at the surface extends far into the 
interior, but also considered different rotation periods at different depths 
a possibility. Naturally he confesses that this is rather a “startling 
idea,” and apologizes that he has forsaken his custom and advanced 
an “elegant theory” which he can neither prove nor disprove. But 
with a spirit more in sympathy with the sciences of his day, he ques- 
tions whether the interior of the sun might not rotate in 24 hours, 
which would be in “beautiful accord” with the 24 hour terrestrial day! 
That the faculae and spots did not conform to this, is ascribed to their 
“individual peculiarities.” 

Scheiner also credited the sun with a luminous atmosphere which 
wholly surrounded it, and floated above the region of the spots and 
faculae. The phenomena of certain spots which appeared with very 
dark nuclei at the center of the disk, but show much paler and fainter 
at the limb, are explained by this; Scheiner stating that the difference 
is a result of the different length of path traversed by the light rays. 
It is unfortunate that Scheiner did not perceive that the phenomenon 
of the darkening of the sun’s limb could also be explained by this 
atmosphere. He believed that the sun became brighter and purer as 
one progressed inwards from the surface, and the limb appeared dark 
in consequence of the brighter central portion. 

It is perhaps outside the subject, but it is interesting to note that 
Scheiner evidently had little faith in Astrology. He considered that 
the spots and faculae were simply the surface manifestations of deeper 
lying processes, and could not believe that these gigantic upheavals 
were entirely without effect on the earth. * 

If the astrologers ascribe many things to the aspects and conjunctions of the 
planets, and to eclipses, what should one think concerning the phenomena of the 
sun, frequently covered with 50 or 60 spots, ..... the enormous faculae,......and some- 
times uniformly bright and tranquil without any of these? Naturally common sense 
demands that all this should affect the earth, and bring about various results....... 
for all these things increase or decrease the light of the sun itself. + 

From the phenomena of the sun is most clearly shown the falsity of astrology... 
for if the sun is found in a state of continual change, the influences of the stars 
must be altered also. But the condition of the atmosphere, to which the astrologers 


give little or no heed, dishonors their ridiculous rules, which are derived from the 
aspects and influences of the various planets. 

* Ibid. p. 601. 
+ Ibid. p. 604. 
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It is to be noted that the reasons for terrestrial disturbances pro- 
duced by the sun, were considered by Scheiner in the broadest manner. 
To the question, by what means can the sun affect the earth, he 
replies, that this must happen through a material force emanating 
from the sun. For this force he can find nothing other than “radiation” 
(radiosa species). 


I use this word ‘radiation’ as embracing not only the light, but....all other forces 
inherent to the sun and which emanate from it in straight lines. 


These are essentially Scheiner’s views of the constitution of the sun. 
The experience gained by many years of observation had taught him 
that true knowledge could be gained only through a careful and 
systematic study of the actual facts themselves, and that without 
this mere speculation was useless and vain. He clearly recognized the 
deficiencies of the methods of investigation then in vogue, and realized 
that real results were to be obtained only through new methods. 

Considered from the physical standpoint the phenomena of the heavens are to 
us mostly unknown, little certain, and a large part doubtful; man asserts much 
that is false, and denies much that is true. But what wonder.,...... for all this is 
separated from us by inconceivable distances, so that excluding the spherical 
forms, and a few eclipses, we know almost nothing. But now, after the invention 
of the telescope and its universal application, we are permitted....... not only to 
see, but to make conspicuous the stored up treasures of the science of the heavens.* 


He voices the dawn of a new science—Astrophysics—when he 
remarks: 


Because the solar phenomena are at the same time astronomical and physical 
phenomena, indeed pre-eminently physical phenomena, their nature demands an 
investigation not only from the mathematical but also from the physical standpoint. 


That Scheiner recognized the importance of the study of solar phe- 
nomena as a means of explaining other problems of the heavens, which 
at that time were still mysteries, is shown by the remark :+ 

These and other questions of celestial physics arouse us to the opportunity 
offered by these phenomena. He, who wishes to solve them truly and correctly, 


without deceit or falsity, will resort to the sun, and from this wiili elicit better 
answers than from the Delphic Tripod and Apollo himself. 


In other words, the sun is the only star that we can study in detail. 
and hence, the fundamental study of solar physics is eminently 
suitable to lead into the right paths our views of the nature of the 
other stars. 


As may well be supposed the Rosa Ursina met with a very varied 
reception. Galileo and his friends were much enraged, while the 


* Ibid. p. 606. 
+ Ibid. p. 607. 
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Jesuits and other followers of Scheiner were proportionately elated. 
But even before the Rosa had appeared from the printer, news of it 
had spread abroad. Galileo had heard of it from various sources, and 
to judge by a letter written to Cesare Marsili in Bologna, was not 
particularly sanguine regarding its contents, for he writes:* 

I hear by accident that the unknown Apelles is printing in Bracciano a long 
treatise de maculis solis, and the fact of its being long makes me suspect that it 
is full of nonsense, which, by being infinite can soil many pages, while the truth 
will occupy little space. And Iam convinced that if he will say anything except 
what I have already said in my solar letters, he will say all vanity and lies. 
Which was certainly true as far as the first book is concerned. 

The ire of Galileo and his friends was principally aroused by the 
presumption of Scheiner, who in the first book of the Rosa Ursina 
claimed for himself the priority of discovery, at the same time endeav- 
oring to discredit Galileo and his work, with what Carrara calls a 
“just, dutiful, and legitimate defence.” There can be no question that 
Galileo’s methods of reinforcing his arguments were an example not to 
be emulated. His uncompromising championship of new scientific 
ideas, the slight respect that he showed for established and traditional 
authority, and the biting sarcasm with which he was so fond of greet- 
ing and squelching his opponents, won for him many enemies in 
scientific and philosophical circles. But this does not excuse Scheiner 
from the disgraceful manner in which he endeavors to enforce his own 
claims in the first book of his great volume, as even Carrara is finally 
forced to admit. Nor can we spare Scheiner the reproach of unfairness 
and animosity towards Galileo for his discovery and correct theory of 
the solar spots; and it is most singular that in the midst of this 
mighty, vehement polemic we read :+ 

It is to be added, that never has he introduced himself as the first discoverer ; 


in accordance with the example of Christ, and through the lesson learned in the 
school of humility. 


How much the hypocrisy of the manner in which Scheiner wrote 
his defence angered the learned Italian is seen from the letter to 
Fulgenzio Micanzio, which has already been quoted. Nor were Galileo's 
friends less aroused. Benedetto Castelli, a lifelong friend and former 
pupil, whose language is strong if nothing else, writes to Galileo on the 
26th of September 1631: + 

As for the Rosa Ursina, already in Rome I saw something of it, but it ap- 


peared to me, as it really is, so stinking (puzzolento) that I do not wish to see any 
more of it; and then I remained too much nauseated by the poisoned rage and the 


* Gal. Op. 14, 36. 
+ Rosa Ursina, p. 26. 
* Gal. Op. 14, 297. 
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bestiality of the author, who ought to be corrected with something besides ink. I 
should think that it would be well for some friend of yours to send a printed letter 
to the Father General of the Jesuits, like that of Marco Guiducci, in which the said- 
Father should be exhorted not to permit such mischevious things to be put forth, 
any one of which would render infamous the name of all those reverend Fathers. 
I have spoken with various people in Rome who have smelled of this “Rose,” and 
they all remain very much nauseated by it. And one day in particular, there was 
a long and honest discussion regarding that which is put at the beginning of the 
book, in which is seen the most profound arrogance of the author in boasting most 
absurdly of his familiarity and friendliness with princes, etc. Considering this 
lofty ambition, it is no marvel that infuriated and beyond all reason, he has turned 
against you, from whom no doubt he was expecting the erection of temples and 
altars with incense. Then let us leave him in his nastiness and stench, and do 
not think of him. 


In another letter written in February of the following year, Castelli 
writes :* 


Campioli is ‘opposed to the idea that you should waste a single word against 
the German [Scheiner] who has thus spotted his own reputation rather than 
yours. And I for my part, do not want to see any more of it [the Rosa Ursina], 
being nauseated by the little that I did read,—full of ignorance, inflated with con- 
ceit, and poisoned with anger. 


Evidently the Rosa Ursina did not prove to be a “best seller”; Mi- 
canzio tells us:+ 

The Rosa Ursina is here in the bookstores. They tell me that not one of 

them is being sold, and in truth such a big volume inspires terror, and especially in 


myself, for I am very busy; nor do I know that I have ever found in big volumes 
anything but chaff in which there is but little grain. 


However, Micanzio must have overcome his fears, for he keeps us 
informed in several letters of his progress through the book, and of 
how “little grain” he was able to find. Finally, six months later, on 
reaching the fourth book he writes to Galileo: ¢ 

Iam in the fourth book of the Rosa Ursina; in all this farrago I do not see 
how I am going to discover anything except that there are spots in the sun, true 
and real, that they are contiguous to it, that they have a motion from the east to 
the west.,...... but all this was in the letters to Welser. It seems to me, as it is certain 
that each day some [spots] are created and some vanish in all portions of the solar 
disk, it remains very uncertain whether those which they say come back are really 
the same, or are others similar to them; and I form an opinion from our clouds 
which might have very similar appearances. In conclusion I have learned nothing 


But Micanzio was in fact wrong, for the Rosa Ursina does contain 
many facts regarding the phenomena of the spots and faculae which 
were unknown to Galileo. However, as far as being lost in the chaff is 
concerned, Micanzio is certainly correct. 





* Gal. Op. 14, 330. 
+ Gal. Op. 16, 268. 
& Gal. Op. 16, 385. 
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Other letters might be quoted, but these will suffice to show with 
what energy and heat the conflict was waged. On one side, on account 
of the accusations and ridicule of Galileo; and on the other side by the 
uncalled for and boastful attempt to discredit Galileo’s discoveries and 
his reasoning thereon. That Scheiner was not always careful in his 
statements is revealed by a letter of Paulus Jordanus himself, to whom 
the Rosa was so extravagantly dedicated, written December 30, 1631, 
possibly in reply to a letter of complaint from Galileo (which apparently 
has not come down to us).* 

There has just come to me what you write concerning the contents of the book 
of the Rosa Ursina, in which without my knowledge you have been wronged, be- 
cause I would not have permitted my minister at Bracciano to publish it. And it 
may have happened during the absence of our Auditor General that it was exam- 
ined by the Chancellor who does not understand latin well. Of the indiscretions of 


the author I do not marvel much, for I have already found him indiscreet in having 
only recently again broken faith with me. 


Having seen to what extent the friends of Galileo were enraged by 
the publication of the Rosa Ursina, and the opinions to which they 
gave vent concerning it, it is only just to present the other side of the 
case and to give the views of less partial judges. Hevelius, not a 
Jesuit, but a Protestant, calls Scheiner:7 

A man of incomparable and universal erudition who, in his recently published 
observations, displays so much intelligence, that in this matter he snatched the 
palm away from everybody......Since, therefore, he has preceded us in this matter 
in such praiseworthy fashion, it is right for us to follow in his footsteps, and to 
inquire as well as we are able into all these questions most diligently. 


Weidler remarks in his Historia Astronomiae :* 

This work he has pursued with so much assiduity, wisdom, and circumspection, 
that he has made more than 2000 observations; and has clearly transmitted to 
posterity the positions, places, forms, sizes, appearances, disappearances, and dura- 
tions of the spots, and from these demonstrated the monthly rotation of the sun, so 
that he seems to have conquered himself and the sun and posterity in desperation 
of any better observations. 


Von Braunmiihl quotes a letter!’ from Gassendi, who was on 
friendly terms with both Scheiner and Galileo, in which the writer 
assures Scheiner of the great pleasure that the reading of the book has 
yielded him, that he agrees with all that is mentioned in it, and has 
learned much that is new. “A most sublime essence”, he remarks in his 
blandiloquent manner, “that is exhaled from this Rose, ||... and a mighty 
eye that has beheld so many sacred mysteries.” 


* Gal. Op. 14, 322. 
+ Selenographia seu Lunae descritio, Gedani, 1647, p. 82. 
t Page 434. 

{ Op. Cit. p. 65. 

Very different sense of smell from that of Castelli! 
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To come to more modern times, we quote Winnecke who, in reprov- 
ing Delambre, writes:* 

Scheiner, notwithstanding his unspeakable longwindedness, by no means 
deserves the severe reproaches which he has so long received; this I have learned 
through my earlier investigations of his writings. I consider him absolutely sincere 
in communicating what he has seen. In his Rosa Ursina truths are established 
which, on account of the undeserved praise of earlier observations had long been 
forgotten, but which were soon to be rediscovered. 


The chief defect from which the Rosa Ursina suffers, barring the 
perhaps unique combination of roses, bears, and sun-spots, is its uncon- 
scionable longwindedness, and the tedious style of writing which makes 
all of Scheiner’s works so difficult of approach. But Scheiner was not 
alone in this, for prolixity is also found in the writings of the great 
Kepler. It was a fault of the times rather than of the man. But in 
this, as in observing the sunspots, Scheiner well outdistanced all 
competitors. Galileo was himself diffuse in his writings, but he under- 
stood better how to mould his ideas into a form that would draw and 
hold his reader, and took good heed not to give such a voluminous 
character to his works that the mere sight of them would frighten off 
the prospéctive reader. The great popularity of Galileo's writings can 
in part be traced to his unsurpassed art of exposition. 

xalileo discussed nearly all the important questions which had arisen 
from the phenomena of the spots in his letters to Welser. The greater 
part of these he solved correctly; not because of a wealth of observa- 
tional material, the discussion of which would confirm the truth of his 
deductions, but instead, through the intuitive perception always 
possessed by the genius. Scheiner, however, collected with astonishing 
zeal observation after observation, and upon this secure foundation 
constructed a theory, which in the majority of points was in harmony 
with Galileo's, and in some even surpassed it. But how much more is 
it to the credit of Galileo that he was able to reason correctly from so 
small a number of observations. It was here that his keen insight led 
him to recognize the true interpretation of the phenomena of the 
motions and appearances of the spots, while his unfettered mind, con- 
strained by no subservience to the established doctrines of Peripatetic- 
cism, allowed him to retain and support the conclusions that he had 
deduced. His arguments were presented with a force and clearness, 
which was remarkable for those days of metaphysical fog and obscurity ; 
and reading through the letters to Welser, one appreciates more and 
more the extraordinarily keen perception of this great man, who could 
recognize and use to its best advantage in explaining his theory each 
phenomenon of the spots. Scheiner’s letters suffer greatly in compari- 


* Vierteljahrsschrift der Astronomischen Gesellschaft, 13, 288. 
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son, for while the statements of observed phenomena are substantially 
correct, he attempted to explain them according to the impossible 
theories of the Peripatetics and the result, as might be expected, is a 
hopeless jumble of fact and incorrect theory. While deserving of all 
praise for his untiring industry in observing, Scheiner did not accept 

the truth until it had literally forced itself upon him through his many 
observations. Scheiner was an observer; in this he surpassed Galileo; 
he determined correctly more facts concerning the phenomena of the 
spots than did the Italian. But Galileo, thanks to the continual perse- 
cutions of his enemies, to say nothing of ill health and other domestic 
troubles, had small opportunity for routine observing, as had Scheiner 
secure in his protection under the cloak of the Jesuit Order. Never 
was a man so persecuted for fifty out of the seventy-eight years of a 
busy life as was Galileo. Hardly one of his discoveries or published 
opinions correct or incorrect has wanted antagonists; and as Parchappe 
remarks,” one must lament the loss to science in the enormous expen- 
diture of energy and time consumed in defending himself and his 
teachings from the incredible rage of his enemies in struggles without 
end. But while one must regret the quarrels which were so costly ; the 
discussions and controversies regarding the solar spots, as Wolf remarks 
in his Geschichte der Astronomie, were not entirely without advant- 
age, for the spots were brought into the greatest prominence and 
observation of them stimulated, so that in the two principle works of 
the opponents, the J/storia e Dimonstrazione of Galileo and the 
ponderous Rosa Ursina of Scheiner we have a mass of material 
collected, which otherwise would doubtless never have been obtained. 


* Galilee: Sa Vie, Ses Decouvertes, et Ses Traveaux, Paris, 1866. 
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FOX’S MEASURES OF DOUBLE STARS.* 





ERIC DOOLITTLE. 


The large volume which is the subject of this review will be wel- 
comed with an especial pleasure by all students of double stars. In 
the first place, it appears as Volume I, of the Annals of the Dearborn 
Observatory, and so forms a splendid beginning for what we may hope 
will prove in time a long series of publications not unworthy of the 
high standard set by this initial work. In the second place, it is the 
first extended publication of the young Director, Professor Philip Fox, 
and its upward of 200 pages of most careful and thorough measures 
are an evident testimony of his industry, perseverance and skill. 
Probably no one but a confirmed observer of double stars can realize 
what a great amount of solid, hard work is represented by a series of 
measures such as this; the brief notes, not unfrequently met with on 
the pages, which mention temperatures of 0 degrees to —19 degrees 
while the measures of the winter months are in progress, tell of adverse 
conditions only to be overcome by a true devotion and interest in 
this work. 

It is peculiarly appropriate that this extended publication from the 
Dearborn Observatory should consist of measures of double stars, for 
from first to last the Dearborn objective has played an important role 
in this branch of astronomy. It will be remembered that it was with 
this glass, even before it had left the makers’ hands, that Alvan G. 
Clark first saw the companion of Sirius, for which discovery he was 
awarded the Lalande Prize of the French Academy of Sciences. This 
was in 1862. From 1876 to 1880, Burnham, whose surprising discov- 
eries with the far smaller 6-inch had already attracted wide attention, 
added no less than 402 new pairs with the Dearborn lens, and these 
discoveries were published in two volumes which also contained 
measures of 1270 additional pairs. And lastly, it was with this lens 
that all of the 649 pairs of Professor Hough were discovered. 

The new volume of Professor Fox contains 229 quarto pages; on 209 
of these there are found the measures themselves, the remaining pages 
being devoted to a brief introduction. The dedication, which all double- 
star observers cannot but regard asa peculiarly graceful and fitting 
one is as follows :— 





* Annals of the Dearborn Observatory, Northwestern University, Volume I. 
Measures of Double Stars, by Philip Fox. Evanston, Illinois, 1915. Pages v + 229. 
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To Sherburne Wesley Burnham,—whose labors brought new life 
to Double Star Astronomy: who spared not himself in oft heroic vigils: 
whose personal encouragement has been the direct inspiration for these 
observations, this volume is gratefully inscribed. 

The introduction begins with a complete and interesting history of 
the Chicago Astronomical Society from the time of its origination in 
1862: it tells of the purchase of the 18'2-inch lens early in 1863, and 
of the various vicissitudes of this from that time until it finally was 
installed in its present location on the grounds of the Northwestern 
University. There then follows a full account of the determination of 
the zonal foci of the lens by the Hartmann test, concerning which 
Professor Fox says:— 

“The excellence of this objective is well-establishe by the long list 
of difficult double stars which have been discovered and observed with 
it. There is no better evidence of quality than that of actual accom- 
plishment. The application of the Hartmann test to it is therefore of 
peculiar interest, as the investigation constitutes not only a test of the 
objective, but in a way a test of the Hartmann method.” 

And lastly, there is described the method of making the measures of 
the present volume. Professor Fox uses the electric illumination, keeps 
the line joining the eyes either parallel or perpendicular to the wires 
during the measures, and makes three or more settings for double 
distance and four for position angle on each night. In measuring the 
last, he adopts, except in wide pairs, the method in use by Van Bies- 
broeck, Doolittle, and some other observers of separating the wires a 
few seconds and placing the stars between them; this differs slightly 
from the method of Aitken and Hussey, who use but a single wire. An 
examination of the measures themselves, particularly those of binary 
stars which have been observed on a large number of nights, shows 
that the results are accurate and consistent. As an approximate result 
from the examination of 42 pairs I find the probable error of angle to 
be but 0.6 degrees at a distance of 3’’, and 1.3 degrees at a distance of 
1’’, the magnitudes being not very unequal. These are of very nearly 
the same size as the same quantities determined by Dr. Aitken from 
an examination of his own measures with the 12-inch and the 36-inch.* 

The pages of measures which follow are arranged under four heads. 
There is first a complete re-measurement of the 171 Holden pairs, a 
few of which, having been discovered by Holden when on an eclipse 
expedition to the Caroline Island, lie so far south that they are not 
accessible to northern observers, and which were measured for the 


* By the term “Probable Error” is here meant the mean of the residuals, all 
taken with the positive sign. See Publications Lick Observatory, Vol. XII, Page VII. 
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present publication by R. T. A. Innes. There then follows a similarly 
complete series of observations on the 66 pairs discovered by Kustner, 
at Bonn; next are 171 pages of measures on miscellaneous selected 
stars, and lastly the description and measurement of 52 new pairs 
discovered by Fox himself in the course of the present work. 

These measures are throughout very carefully made,—practically no 
incomplete measures are included,—and _ the results are printed in the 
most concise and convenient form, the use of which was so strongly 
urged by Burnham but which many observers have not yet adopted. 
When necessary, the position of the pair is determined by identification 
in the DM or by measurement from a nearby DM star, and in many 
cases the magnitudes are estimated. In short, the work leaves nothing 
to be desired in the completeness and care with which it has been 
prepared. It should be added that Professor Fox adopts the epoch 
1880.0 for all of the positions. This is a most wise choice and it is 
much to be desired that all double-star observers would follow this 
plan,—at least for many years to come and until a later, standard 
epoch can be agreed upon. 

Most of the Holden and Kustner stars are faint pairs of about 2” or 
more separation, and in but very few of these does Professor Fox find 
any evidence of change. But there are at least two which form 
remarkable and interesting exceptions. The first of these is the close 
pair, Holden 60, (12696), a close and rather faint pair which is un- 
doubtedly a binary in rather rapid retrograde motion. Fox’s measures 
indicate that the two components approached to within a quarter of a 
second of each other in 1909, and that, while they are now separating, 
the motion in angle is still no less than about 10 degrees a year. 
Though it is too early as yet to find out much about the orbit, the 
system is certain to be a most interesting one and should be kept under 
continual observation. 

The second pair,—which may prove to be of even a higher interest,— 
is made up of two stars as faint as the 9.5 and 10.2 magnitudes 
respectively. This is Kustner 47, (6667); at the Flower Observatory 
we have had it under constant observation for the past five years and 
a valuable series of measures is also being made upon it by Professor 
Barnard. Since 1901 the angle has increased 30 degrees and the 
distance has changed from 1’”.9 to 3’’.9; the pair may prove similar to 
the even fainter pair Krueger 60, (11761), (which, as Barnard has shown, 
is undoubtedly a binary, and the faintest wide binary known in the 
heavens) ,or the observed change may be due only to the proper motion 
of one of the stars. Upon the last supposition, Fox finds the amount 
of this proper motion to be 0’’.18 annually. 
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The measures of the Holden and Kustner stars are followed by 
measures on some 1200 selected pairs and these make up by far the 
greater part of the volume. A very brief examination suffices to show 
that the pairs have been carefully and wisely chosen. There is hardly 
a pair on which measures were not needed at this time, and a large 
proportion of them have been measured but once or twice previously 
or else almost wholly neglected. On these pages are also included 
measures on 63 pairs which had not been previously noticed as double 
by other observers but in which the components were regarded by Fox 
as too far separated to justify their inclusion in the list of new double 
stars. Upon comparing these with my manuscript catalogue which 
forms the extension of Burnham’s General Catalogue, I find only one 
which has been measured elsewhere. This one is DM + 43° (12), 
(Page 54), which will be found also registered as AB of Espin 1406; but 
although Espin’s measure was published first, the measure by Fox 
antedates it by no less than six years. Beside the component meas- 
ured by Fox there is a 14 magnitude companion, discovered by Espin, 
4”’9 from B. 

Lastly we have the 52 new pairs discovered by Fox himself. By 
comparison with the manuscript catalogue, the following notes are 
suggested on these and on the other new pairs. 


Page 93. DM —12° (1281). The R.A. is 14s too great. 

p 112. 10-2-30. It is the position of the DM star that is here given. 

p 125. The R.A. is 5s too small (12-21-9). 

p 157. 17-3-10. The Decl. is 1’.5 too large. 

p 164. CPD=Cord. DM —27° (12259). 

p 178. 19-4-27. The R.A. is 14s too great. 

p 211. + 10° (4831). The identification differs from that in the G.C. 

p 222. The R.A. is 1 min. too small. (23-57-45). 

Fox 6. The R.A. is 11s too small and the Decl. is 3’ too small. 
No DM star is in Fox’s position. 

Fox 7. The R.A. is 2 min. 4s too small. No DM star in the place 

given. 

Fox 8. The Decl. is 20’ too large. This pair is undoubtedly iden- 
tical with Jonckheere 340. 

Fox 17. The Decl. is 3’.5 too small. 

Fox 19. This is called Fox 10 by prior observers. 

Fox 24. = Cord. DM —24° (13823) 

Fox 30. The identification here disagrees with that of the G.C. 

Fox 32. First seen by Aitken, but only a few months before Fox’s 
discovery. This is Aitken 2278. 

Fox 39. CE of Fox is DE of Aitken 2095. Aitken finds that A is 

also a very close double. The companion called D 
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by Fox seems to be new. It is quite remarkable 
that Aitken did not notice this with the 36-inch in 
1909. 

Fox 40. This is registered as Espin 1439, but it was first seen double 
by Fox. 

Fox 45. = Cord. DM —23° (17319). 

Fox 47. The Decl. is 5’.4 too small. 


{n the list of new pairs there are several which will probably prove 
of future interest. Fox 22, (0°71), and Fox 32, (0’.53), are especially 
noteworthy, and the greater proportion range from 1”’ to 3”’ in distance. 
The new pairs are on the whole faint, but it is hardly to be expected, 
after the careful surveys of Aitken and Hussey, that anything more 
than an occasional new discovery will be made among the brighter 
stars except by observers with instruments of the very largest 
apertures. 

Altogether this new volume is an excellent example of patient, con- 
scientious and accurate observing. It is precisely work of this nature 
that is now most needed to advance our knowledge, and these results 
of Professor Fox, representing as they do the outcome of some six or 
eight years of labor, form a most valuable contribution to this end. All 
double-star observers will add to the congratulations which they extend 


to him the hope that he may long devote himself to this most useful 
field of work. 


The Flower Observatory, 
July 22, 1916. 


A SMALL STAR WITH LARGE PROPER MOTION, 
EK. KE. BARNARD. 

When comparing two of my star plates made, respectively, with the 
6-inch Willard lens of the Lick Observatory, 1894 August 24, and with 
the 6-inch Bruce lens of the Yerkes Observatory, 1916 May 30, in the 
Zeiss blink comparator, I found (on the new plate) an 11th magnitude 
star which seemed to have left no trace on the 1894 plate. At first it 
was supposed that this might be a nova as the place fell in the Milky 
Way. I also found, nearly 4’ south of it, what appeared to be a varia- 
ble star which was bright on the Lick plate and faint on the new one. 
On examining another plate made 1904 June 11 there seemed to be 
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Made with the 6-inch Willard lens of the Lick Observatory, 1894, August 24. 





Made with the 6-inch Bruce lens of the Yerkes Observatory 1916, May 30. 
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another variable star which was bright on the 1904 plate and faint on 
the plates of 1894 and 1916. The presence of several variable stars so 
close together raised suspicions, and on comparing the different plates 
it was found that all the images were on a straight line. It would 
seem then that the bright images must all belong to the same object 
which on two of the dates accidentally fell on a faint star image and 
gave the impression of several variable stars. A comparison with a 
plate taken 1907 April 20 showed that this was so (for the image on 
that plate did not correspond with any on the other plates) and that 
the different photographs could be reconciled by supposing the different 
images to have been made by a star with an annual proper motion of 
about 10”. This supposition has been verified, especially as Professor 
Pickering finds the star on the Harvard College Observatory plates as 
far back as 1888 and 1890. See H.C. O. Bulletin 613. 

The star, which we will call P, is not in any known catalogue or star 
list, but it is shown on Plate 53, Publications of the Lick Observatory, 
Vol. XI. It is 1.77 inches (45"™) from the right side and 2.64 inches 
(67"") from the top of that plate, south following BD + 4°3560, which 
is Albany A. G. C. 6005, and which in this paper is called a. The 
position of the star at present is: 

Epoch 1916.423 « 17" 53" 43°60, 8+ 4° 27’ 48’7.0 
It is 9°.1 following and 51” north of BD + 4°3560. 
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DIAGRAM SHOWING THE POSITION OF THE SMALL STAR WITH LARGE PROPER 
MOTION ON THE PHOTOGRAPHS OF 1894 AuGusT 24 AND 1916 May 30. 


A = Position of P (Proper Motion Star) 1894 Aug. 24. 
B = Position of P 1916 May 30. 

a = BD + 4°3560 (8™.7). 

C = BD + 4°3570 (5™.3). 

D = BD + 4°3556 (8™.0). 











506 A Small Star with Large Proper Motion 





As this object, from its large motion, is likely to become of general 
interest, I have prepared the accompanying plates, by the aid of which 
it may readily be found in the sky and followed for many years to 
come. To avoid defacing the pictures by marking on them, the dia- 
gram is given to locate the star on the photographs of 1894 and 1916. 
I have also added a third photograph made with the 40-inch refractor 
with a yellow color filter and a Cramer Isochromatic plate. This 
photograph will be specially interesting to amateurs, because, by com- 
paring it with the sky, they can readily identify the star and see its 
rapid motion in a few months time. A second diagram is also given 
which was made from the micrometer measures and is directly com- 
parable with the 40-inch photograph. 

The present measures made with the 40-inch telescope compared 
with those from the photograph of 1894 give the annual motion 10’.3 
in the direction 359°.7,so that the star is moving almost directly north. 
This is the largest apparent stellar motion known. 
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DIAGRAM SHOWING THE STARS MEASURED WITH RESPECT TO THE 
Proper Motion Star, P. Epocnu 1916.5. 
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The star is yellowish—especially when contrasted with the near-by 
star BD + 4°3560, which is bluish white. This difference of color is 
very marked in the portrait lens photographs, where the BD star is 
many times larger than P. In the photograph with the color filter 
the two differ very little in size, because P gets the effect of the full 
value of its light, while a, being blue, loses some of its light by absorp- 
tion with the yellow filter. Visually, P is at least one magnitude 
less than the BD star, and is hence about the 10th magnitude. 

In the photograph with the 40-inch the large images are of P (to the 
left) and a (to the right). The small stars k and s, which are scarcely 
separate on the portrait lens photographs, are widely separated on this 
plate. 

Following is a list of the micrometer measures of the position of P 
with respect to some of the surrounding stars, from which the diagram 
was constructed. 


a ® Dist. Mag. Mag. Obsns. 
Panda 1916°465 249.03 145.19 (6n) 
Pand b 1916.507 8.79 250.16 — << 12.1 (3n) 
Pandc 1916.477 178.35 126.74 —_ = 13.5 (8n) 
Pandk 1916.483 75.18 72.44 — <— 12.9 (6n) 
Pandn 1916.485 181.86 179.34 — 13 (5n) 
a and c 1916.471 118.33 158.20 (2n) 
a and k 1916.467 70.99 217.07 (2n) 
aandn 1916.482 134.00 183.83 (3n) 
k ands 1916.482 203.67 21.21 12.8 13.5 (2n) 
band d 1916.538 42.38 48.01 12 121, (in) 


The stars e and g have not been measured micrometrically and are 
introduced on the diagram, by estimation, for the sake of completeness. 

Mr. Adams at Mount Wilson finds the following facts about the star 
from his spectroscopic observations. 


Type of spectrum Mb (Harvard classification) 
Radial velocity — 91 km 
Parallax from spectrum + 0”.2 


This spectrum is characteristic of stars with high velocities and is 
known as the “dwarf” type of M type stars. 

If we combine the above parallax and radial velocity with the proper 
motion we find the star’s true motion in space to be 161 miles (260 km) 
per secon From the above parallax the distance would be 16.3 
light years. 

This object is in the northern part of the constellation of Ophiuchus 
and is thus fortunately well placed for observation at all observatories. 
It has been put on the parallax list of the Yerkes, and other observa- 
tories. 
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Following is a list of previously known stars with annual proper 
motions larger than 5”’, which is taken from Kapteyn’s list of “Stellar 
Parallaxes and Proper Motions,” in the Appendix to Young’s Manual 
of Astronomy. 


Name a 1900 6 1900 Mag. Proper Motion 
h m Oo o 
Cordoba Z. V. 243 5 07.7 —44 59 8.5 8.70 
Groombridge 1830 11 47.2 +38 26 6.6 7.05 
61 Cygni 21 02.4 +38 15 6.1 5.16 
Lacaille 9352 22 59.4 —36 26 aa 7.00 


To this can be added P, with annual proper motion of 10”. 

The star 1830 Groombridge, as will be remembered, is the celebrated 
“Runaway Star.” 

In “The Observatory” for April 1916 it is stated that Mr. Innes has 
discovered a red star of the 10th visual magnitude (12 magnitude, 
photographic) with a proper motion of about 5” per annum. The 
position for 1900 is: 

a 14 22™ 55*, 5 — 62° 1’.6 
Yerkes Observatory, 
Williams Bay, Wisconsin. 
July 25, 1916. 


ApDITIONAL OBSERVATIONS. 
The following additional measures of P have been made and are 
added to the proof: 


P.A, Dist. Obsns. 
Pand a 1916.641 248.38 145.05 (lin) 
Pand b 1916.617 8.78 249.27 ( 5n) 
Pande 1916.649 177.91 128.40 ( 8n) 
Pand k 1916641 76.67 72.72 (lin) 
Pandn 1916.641 180.76 180.80 ( 4n) 
Pand g 1916,599 319.19 237.83 ( 3n) 
k and s 1916,587 203,59 21.09 ( 1n) 
b and d 1916.576 42.22 48.93 ( in) 
g and ¢* 1916.576 337.63 63,58 ( 1n) 


The motion of P given in the above paper depends upon the position 
from the Lick photograph of 1894. The image on that plate is confused 
with that of another star. It is away from the center of the field, and 
is not very good to measure. The amount of the annual motion needs, 
therefore to be verified by better observations. I have tried to do this 
from the present micrometer measures of P and c {which latter star 
lies close to the line of motion). The measures so far obtained, using 
four of the first and four of the last observations, give for the annual 
motion 9.8, but this depends upon an interval of only 0.22 of a year. 

September 20, 1916. 








* Not on diagram. 
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INVISIBLE COMETS. 


WILLIAM H. PICKERING. 


The nucleus of a comet may be defined as that portion of a meteor 
swarm which gives out sufficient gas to become electrically luminous. 
Often there is no nucleus, only a general illumination. It does not 
necessarily include the whole swarm, since swarms are often elongated, 
and comets’ heads are usually spherical. The escaping gases, certainly 
in the case of large comets, often reach far beyond the limits of the 
swarm. Sometimes the swarm has two or more nuclei, and sometimes 
several swarms follow along in nearly the same orbit. 

A meteor swarm, on the other hand, may be defined as a comet 
which strikes the earth. Fortunately, within historic times these 
swarms have all been invisible until they entered our atmosphere, 
otherwise they would doubtless have occasioned great and general 
distress and alarm. In the Harvard Bulletin 608, Professor Perrine 
records the appearance on May 4 of this year of a bright object, which 
between 9" and 10" moved 10° towards the Sun’s place. He suggests 
that it may possibly have been a comet. If so, it must have been a 
very small one, and situated very near the earth. In PopuLar Astron- 
omy, 1909, 17, 330, it is shown that we probably strike the head of a 
luminous comet once in about every 2,000,000 years. It is possible 
that collisions occur rather more frequently than that, but since it is 
probable that life has existed upon this earth for at least 100,000,000 
years, and perhaps longer, it would seem that we must have been in 
collision with fully 50 luminous comets during that interval, with 
evidently no very serious results in consequence, hitherto. On the 
page above referred to in the tenth line, by a typographical error one 
zero was omitted, and the number should have read 1,000,000,000. 

Many short period comets have ceased to be luminous during the 
past century, sometimes lighting up again temporarily after a long 
series of years. Unless shifted into another orbit, and driven out of 
the solar system altogether, these innumerable invisible comets, like 
derelicts at sea, must still be pursuing their way amongst us unan- 
nounced, and gradually disintegrating. Whether their returns to 
perihelion exceed those of the visible comets 10, 100, or 1000 times, we 
have no means of knowing, but astronomically speaking, collisions with 
them cannot be rare. 
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The heads of the smaller comets that we usually see are in general 
of about the size of the planet Jupiter, but there seems to be no theo- 
retical lower limit, and it is possible that the meteor swarms themselves 
are sometimes only a few miles in diameter. The latest instance of 
this sort is that of the brilliant meteoric display which became visible 
in western Canada on the night of February 9, 1913, and was traced 
across Canada and some of the Northern states, past Bermuda, and 
was last seen off the South American coast, in longitude 33° 30’ W 
latitude —3° 20’ S, a total course of some 6000 miles. (Journ. B. A. A. 
1916, 26, 275.) This display must have been due to a graze with a very 
small swarm, moving in a direct orbit, which had passed perihelion, and 
which reached its descending node at the earth’s orbit a little too late 
for a direct collision. Nevertheless, it had a few of its outlying mem- 
bers dragged down into our atmosphere to a sufficient depth to become 
self-luminous, and to be ultimately destroyed and captured. Different 
members were constantly being dragged in along the whole route. If 
the main miass escaped, as seems probable from Professor Chant’s 
account of the phenomenon, (Journ. Royal Astron. Soc. of Canada, 
1913, 7, 157, 444,) its period of revolution will have been materially 
shortened, and other returns will occur in the future at intervals, upon 
the same night of the year. That the display was of such small 
dimensions, only three or four miles in width, would imply a very 
minute swarm. That none of the meteors reached the earth’s surface 
confirms the computed value of their high velocity, and the fact that 
they have not since been seen, shows that they were, and are still, if 
not destroyed, revolving about the Sun, and not about the earth as a 
primary. 

It is recorded in Chambers’ Astronomy 616, that at Cairo in August 
1029 “many stars passed, with a great noise, and brilliant light.” If 
this report is correct, the phenomenon observed must have been similar 
to that above recorded, and described so fully by Professor Chant. The 
loud noise heard in both cases differentiates them clearly from an 
ordinary Perseid, or even the finest Leonid display. These showers 
are silent because their orbits are retrograde, and the individual meteors 
are therefore burned up in the upper layers of the earth’s atmosphere. 
In no other early record of meteoric showers is there mention of any 
noise being heard. It is unfortunate that we have no record of the 
direction of motion of the Egyptian meteors, but it is probable that like 
the Canadian display their orbit was direct. 

Another small swarm of meteors which struck the earth very 
recently was the Leonid shower which fell on the night of November 
14, 1901. The first relatively modern observation of the Leonid display 
was made in 1698. As pointed out in Poputar Astronomy, 1899, 7, 523, 














William H. Pickering 511 





since that date it has appeared with considerable regularity in multi- 
ples of 34 years. Its next appearance was 101 years later in 1799. 
Its finest modern appearance was in 1833. It appeared next in 
England in 1866, and in the States in 1867 and 1868. There is 
evidence that the last was the finest shower of the three, but these 
observations are little known outside of the Eastern States. Taking 
1867 as the mean date, the next year on which ashower should have 
been expected, adding another 34 years, was 1901, not 1899 as assumed 
by Messrs. Stoney and Downing, and in 1901 a small but fine shower 
appeared, as we shall presently see. Since in their investigation these 
computers used an erroneous period, placing the shower fully two years 
out of the way, some doubt may well be felt as to whether their con- 
clusion that, owing to perturbations when passing near Jupiter, the 
meteoric orbit now lies 100,000 miles inside that of the earth at the 
node, is justified. 

The great shower of 1799 was observed throughout the whole extent 
of the American continent, and was even seen in Greenland, but since 
then the areas have been much more restricted, that of 1833 reaching 
only from the great Lakes to somewhat north of the equator, and the 
more recent showers covered still smaller areas. Since the whole 
earth must pass through the geometrical plane of the meteoric orbit 
within a few minutes of time, it is singular that in the same longitude 
a shower should not, with clear skies, be equally visible throughout a 
great range of latitude. Yet such is by no means the case, and hitherto 
no satisfactory explanation of it has been offered. 

In 1866 Dawes with a single assistant counted the meteors at the 
rate of 1200 per hour, which for a single observer would mean perhaps 
800 in that period. In 1901 with perfectly clear skies in Cambridge, in 
latitude + 42°, we counted the meteors at the rate of 60 per hour for a 
single individual, yet on the steamer Admiral Dewey, latitude +26°, in 
the same longitude as Cambridge, and at the same time, they appeared 
at the rate of over 420 per hour. At Trinidad, B. W.1, the rate was 
290; at Fort Worth, Texas, 420; Sonora, Mexico, countless; Tucson, 
Arizona, 225; Claremont, California, 800 for four observers, or presum- 
ably 400 for one. At the Lowe Observatory, California,: the rate was 
300. The shower does not appear to have been quite as pronounced 
as that of 1866 in England, but even in Cambridge the rate was twice 
that of any previous year. Most of the stations where many meteors 
were observed were near latitude +30°. Six observers were at work in 
Cambridge, but 60 an hour was the best rate that anyone secured. 
Other northern observers obtained similar results. The next important 
display should occur in 1935. 


Mandeville, Jamaica. B. W. I. 
August 4, 1916. 
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KARL SCHWARZSCHILD.* 


The war exacts its heavy roll of human life, and science is not 
spared. On our side we have not forgotten the loss of the physicist 
Moseley, at the threshold of a great career; now, from the enemy, 
comes news of the death of Schwarzschild in the prime of his powers. 
His end is asad story of long suffering from a terrible illness contracted 
in the field, borne with great courage and patience. The world loses 
an astronomer of exceptional genius, who was one of the leaders in 
recent advances both in observational methods and theoretical 
researches. 

Karl Schwarzschild was born on October 9, 1873. His mathematical 
ability developed with almost precocious rapidity. His first scientific 
papers, relating to the theory of determining orbits from observations, 
were published in the Astronomische Nachrichten in 1890; they show 
such wide reading, combined with original insight that it seems almost 
incredible that the author was a schoolboy of sixteen. On taking his 
university course, he studied at first at Strasburg under Becker, and 
afterwards at Munich. There he came under the inspiration of Seeliger’s 
teaching, which apparently was the basis of his later researches on 
stellar statistics; he often expressed regret that the work of Seeliger 
was so little understood in other countries. His career after leaving 
the university is divided into three stages:—he was at first assistant 
in the von Kiiffner Observatory, Vienna; in 1901 he became Professor 
and Director of the Observatory at Gottingen; finally in 1909 he 
succeeded Vogel as Director of the Astrophysical Observatory, Potsdam. 

Schwarzschild’s researches were amazingly varied. He was a master 
of almost all branches of physical and mathematical science. It is 
difficult to pick out any one work as his special title to eminence; for 
it was not his way to write exhaustive memoirs—to wring his subject 
dry. He made his contribution—some clearcut theorem marking a 
definite advance, which others might follow up and harry out in detail 
—and then he passed on to some new point on which his genius could 
throw light. 

In practical astronomy perhaps his chief work was his determination 
of photographic magnitudes. This was one of his earliest researches, 
being started at Vienna and developed at Gottingen. His method was 
to draw out the star-image into a uniform patch of light, of which the 


* This account of the life of Schwarzschild is taken from “The Observatory”. 
Though unsigned the identity of its English author may well be guessed. 
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density or greyness could be measured in order to ascertain the bright- 
ness; this spreading out of the image was accomplished partly by 
displacing it out of focus and partly by making it travel in a definite 
manner over an area of the plate. With the codperation of his assist- 
ants at Gottingen, he compiled in this way the “Gottingen Aktinomet- 
rie,” a catalogue of photographic magnitudes of stars between Dec. 0 
and -+20° down to the limit 7".5, reduced to an absolute scale. This 
work brought out very clearly the close relation between the colour 
and spectral type of a star, and also the fact that it is the stars of 
intermediate colour—the yellow stars—which have the largest proper 
motions. 

In this connection it may be mentioned that Schwarzschild was the 
first to employ a coarse grating in front of a telescope object-glass—a 
plan which is now often used both for determining photographic mag- 
nitudes and measuring star colour. Schwarzschild, however, did not 
apply it to these purposes, but measured the separations of double 
stars with it, using it as a kind of double-image micrometer; he varied 
the distance between the two images by inclining the grating at differ- 
ent angles to the axis of the telescope. The method does not seem to 
have been tried on a large scale, though the experiments with a small 
telescope gave good results. 

To Schwarzschild we owe the theory of radiative equilibrium of the 
Sun. It seems probable that this theory represents the observed 
phenomena better than any other; but, like much of Schwarzschild’s 
theoretical work, the value lies not so much in the correctness of the 
physical assumptions as in the clear formulation of the problem, enab- 
ling us to appreciate the possible alternatives and the manner in which 
they affect the solution. His great step was to recognise that there 
are three types of equilibrium of the Sun’s atmosphere according as 
conduction, convection, or radiation is the most effective in transferring 
heat. By working out the last alternative he brought the theory into 
fit state to be compared with observation, and the value of this would 
have been none the less great even if observation had been far less 
favourable to the radiative hypothesis than was actually the case. 

Another important result was his calculation of the pressure of 
radiation on small solid particles—of much interest in connection with 
the repulsion of the tails of comets by the Sun. For moderately large 
particles sunlight exerts a pressure proportional to the cross-section, 
whereas the force of the Sun’s gravitation is proportional to the cubical 
contents. It follows that as the size of the particle decreases the 
light-pressure decreases less rapidly than the gravitation, so that 
ultimately the former predominates and the particle is repelled from 
the Sun. But the repulsion does not increase indefinitely, because, 
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when the size of the particle becomes comparable with the wave-length 
of light, diffraction takes place. For avery small particle the light- 
waves bend round instead of being stopped. There is thus a certain 
size of particle for which the repulsion is a maximum, and Schwarz- 
schild calculated that this upper limit is about 19 times the solar 
attraction. In view of the fact that the repulsive forces observed in 
comets’ tails are sometimes considerably greater than this, this limit 
to the efficacy of light-pressure is of great interest. 

In stellar statistics Schwarzschild’s best known work was his ellip- 
soidal hypothesis of stellar motions. Kapteyn had in 1904-5 published 
a summary of his celebrated investigation which showed that there 
are two streams of stars. In later work, for the purpose of precise 
mathematical treatment, it had seemed best to take the two streams 
quite literally, and represent the motions as due to two independent 
systems of stars passing through one another. Schwarzschild, however, 
proposed a mathematical treatment of the phenomena, which retained 
the essential unity of the system; the double streaming was, of course, 
duly represented in his formule, but he avoided any suggestion that it 
arose from the encounter of two clusters. The ellipsoidal hypothesis 
is a most elegant piece of mathematics, and is specially adapted to 
simplify many of the problems of stellar motions which have arisen. 
Without it much of the recent progross would have been impossible. It 
is characteristic of Schwarzschild that his whole work on this subject, 
which has had so great an influence on stellar investigation, is con- 
tained in two papers of 28 pages in all. He made many contributions 
to other branches of stellar investigation which are too technical to be 
described here; but it may be mentioned that his general solution of 
the integral equation of stellar statistics appears to be not only of 
astronomical value but a noteworthy contribution to pure mathematics. 

Professor Baker, in the last number of the Observatory, brought to 
light the almost forgotten fact that an important point in the theory of 
exchange of stabilities in dynamics is due to Schwarzschild. Outside 
astronomy, his papers ranged over geometrical optics, electrical theory, 
thermodynamics, and the navigation of balloons. His last work was a 
paper on the Quantum Theory published by the Berlin Academy of 
Sciences; he corrected the proofs on his sick-bed. 

Schwarzschild’s characteristics were not those which are usually 
associated with the scientists of his nation. Keen and restless, his 
nature was remote from the slow plodding German character. He was 
a most enthusiastic mountaineer, and had accomplished some of the 
most desperate ascents in the Alps. He was full of the adventurous 
spirit, in winter sports in Switzerland, in early Zeppelin ascents—and 
in the last great adventure of all. His writings are a model of clear- 
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YPPROACHE TO GASSENDIT FROM THE MARE Nupieu 


\ Moonseape drawn by Russell W. Porter, “Land's End” Observatory, Port Clyde. Mai 
PopuLtark Astronomy, No, 238. 














10110 


d “MA llesshy Aq uMeIp odvosuooysy v ‘RET CON SAINONOMISY NV dO 
HLAOS ONTMOOT 'IGNASSVS) AO MOOT AMT. 








IINNN FLW Td 











Moonscapes 515 


ness and concise expression; he never inflicts on us the unbalanced 
detail and the mazes of analysis—the penalty of “German thorough- 
ness’—which render so many German scientific writings unattractive. 
He goes straight to his point without any unnecessary sentence. It 
would be paving an ill-service to the memory of one who gave the 
final proof of devotion to his country, to seek by these traits to disso- 
ciate him from the rest of his nation. We would rather say that 
through him a new spirit was arising in German astronomy from 
within, raising, broadening and humanizing its outlook; and we are 
confident that he has left behind an influence which will enlarge and 
revivify the old traditions. 





MOONSCAPES. 





RUSSELL W. PORTER. 

Astronomy, often considered the noblest of sciences, is usually 
viewed by the layman as an unbearably dry subject, and too rigorously 
exact to stir his imagination. This assumption is far from the truth. 
No sphere of research today offers more boundless fields of conjecture 
than the study of the heavens, aided by modern methods and 
instruments. 

Our nearest neighbor, the moon, is acase in point. The writer, in 
viewing her surface through his sixteen inch reflector in the comfort 
of aclosed observing room, has frequently caught himself transported 
to that body, and, in imagination, viewing her scenery from some 
crater lip or the vast expanse of one of her sea floors. Having himself 
spent many years above the Arctic Circle, he was struck by a strange 
likeness of the moon’s general aspect to our own polar regions. The 
long reaches of the frozen polar ocean, traversed by immense pressure 
ridges and tidal cracks, the dazzling whiteness and clear cut shadows, 
the desolation and loneliness—all seemed to find a counterpart in the 
lunar appearance. The accompanying moonscapes were the natural 
outcome. 

No great accuracy is claimed in their presentation. In fact they 
may be considered very much as flights of fancy, although the main 
feature and heights were plotted by the rules of perspective. The 
height of the eye has been assumed arbitrarily, as well as the direction 
and height of the sun. It is possible that, from one of the greater 
elevations, the curve of the horizon, or bulge of the moon, would be 
appreciable. And we are quite sure that it would cut sharp and clear 
against an intensely black sky. 
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One inevitable conclusion, at any rate, is always reached, after a 
prolonged journey over the ghastly whiteness of the moon’s surface, 
and that is a more just appreciation of our own atmosphere, with its 
softening envelope of tints and haze, clouds and color. 

“Lands’ End” Observatory. 
Port Clyde, Maine. 
June 1916. 





PLANET NOTES FOR NOVEMBER, 1916. 


The sun will follow a south-easterly course through the constellation of Libra 
into Scorpio. At the end of the month it will be north of Antares. 


The phases of the moon for November are as follows: 


h m 
First Quarter Nov. 2 at 11 50.6 a.m. C.S.T. 
Full Moon - ee 218.0 pm. “ 
Last Quarter i 4 05pm. “ 
New Moon as 250.4a.m. “ 


The moon will be at apogee on November 15 and at perigee on November 27. 


Mercury at the beginning of the month will appear in the morning sky before 
sunrise, It will gradually approach the sun and on November 23 will pass superior 
conjunction. During the month its motion will be in an eastward direction in the 
constellation of Virgo. 

Venus will be the bright morning star of the month. Its magnitude on Novem- 
ber 15 will be —3.5, exceeding the brightness of Sirius by almost 2 magnitudes. At 
this time about three fourths of the entire disk will be illuminated. On November 
20 it will be near the brightest star in Virgo, Spica. Its actual distance from the 
sun is decreasing. On the eleventh of November it will pass perihelion. Since the 
orbit has such a low eccentricity (0.0068), perihelion passage does not have the 
significance that it has in the planetary orbits which are more eccentric. 

Mars will be visible low in the western sky during the month. It will move 
eastward from the constellation of Scorpio into Ophiuchus. On November 1 it may 
be found 4° due north of Antares, It will be too low in the west to be in a favor- 
able position for observing, 

Jupiter having passed opposition on October 23, will be in a splendid position 
for observation during the month, Its motion will be towards the east in the con- 
stellation of Pisces. On November 15 it will reach the meridian at about 11 o'clock. 
A diagram of the position of Jupiter's satellites for each day of the month is given 
on page 518. 

Saturn will be in a better position for evening observation, rising shortly before 
midnight. It will be found in the constellation of Cancer. 

Uranus will be seen in the constellation of Capricornus, It will be well situated 
for observation in the early evening with the telescope. 

Neptune will be just a little east of Saturn in the constellation of Cancer but, 
of course, is too faint to be seen without a telescope. 
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LOOKING NoRTH OUT OF GASSENDI 
PopuLar Astronomy, No, 238 \ Moonseape drawn by Russell W. Porter 
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SOUTH HORIZON 


THE CONSTELLATIONS AT 9:00 P. M. NOVEMBER 1. 


Occultations Visible at Washington. 


IMMERSION. EMERSION. 
Date Star's Magni- W ashing- Angle W ashing- Angle Dura- 
1916 Name tude ton M.T. f'm N. ton M.T. f'm N, tion 
h m ° h m ° h m 
Nov. 4 6G Piscium 6.2 11 48 4 12 26 292 0 38 
6 136B Piscium 6.5 12 54 115 13 37 193 0 43 
8 20H! Arietis 6.4 3. 37 112 4 13 204 0 36 
8 26 Arietis 6.2 16 22 7 16 41 330 0 20 
9 66 Arietis 6.1 17 38 Lil 18 31 241 0 53 
10 36 Tauri 5.6 6 30 68 7 27 258 0 57 
11 k Tauri 5.6 5 56 92 6 47 248 0 51 
13 87 B Gemin. 5.8 8 44 58 9 33 304 0 50 
14 85 Gemin. 5.2 17 6 148 18 24 266 1 15 
16 & Leonis 5.1 19 12 158 20 22 274 1 10 
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Satellites of Jupiter, November, 1916. 


GREENWICH MEAN TIME. 





HI. 





Il. 


* 


Phases of the Eclipses of the Satellites for an Inverting Telescope. 


IV. No Eclipse 





West 


Day| 


Configurations at 15" 25™ for an Inverting Telescope. 


East 











tw 
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Phenomena of Jupiter’s Satellites. 


[Visible at Washington. ] 


CENTRAL STANDARD TIME. 


Nov. 1 13 50 


. Te 6 5S Ill Oc, R. 

14 4 I Shl 6 17 Ill Ec. D 

15 58 II Oc.5D, 8 4 Ill Ec. R. 

15 58 I m. B 11 34 I Oc. D. 

16 13 I Sh. E, 17 11 46 [ teL 

2 11 4 I @c.D. 12 22 I Sh. I, 
13 21 I Ec. R. 13 53 I Tr. E. 

3 8 15 I a.. &. 14 31 I Sh, E 
8 32 I Sh. is 9 0 I Oc, D. 

10 24 i 4 11 50 I Ec. R 

10 42 H OT, 1 19 611 I Te, 1. 

10 42 Il Sh, E. 6 51 I Sh. I. 

11 16 Il Sh, I. 8 19 I Te. £. 

13 13 = [62 B. 9 0 I Sh. E. 

13 51 Ii Sh. E, 9 34 Il Oc, D, 

5 30 I Oc, D, 13 28 II Ec. R. 

4 § ® I Ec, R. 20 619 I Ec. R. 
5 4 50 tL T. &. 21 4 24 mn eS 
§ 4 II Oc. D. 5 52 Il Shi. 

5 11 I Sh, E, 6 57 Ii Tr. E. 
8 16 II Ec. R. 8 26 i 6h. E. 

11 9 me ee a, 23 7 18 Ill Oc. D, 

12 18 Il Sh. I. 8 52 Ill Oc, R. 

12 25 Ill Tr. E, 10 19 Ill Ec. D. 

14 5 Ill Sh. E 12 5 Ill Ec, R. 

8 15 33 I i: 24 13 30 I 2 & 
9 12 49 I Oc, D. 14 17 I Sh. I. 
15 26 I Ec, R. 25 10 46 I Oc. D. 

10 959 ; Tee 13 46 I Ec, R. 
10 27 I Sh, L. 26 7 57 I = & 

12 8 I Tr. E. 8 46 I Sh, L. 

12 37 I Sh. E. 10 5 I Te. &. 

12 58 Il Tr. I. 10 55 I Sh, E. 

13 54 Il Sh. 11 52 II Oc. E. 

15 30 i 6, &. ai. 66.33 I Oc. D. 
11 715 I Oc. D. 8 15 I Ec. R. 
9 55 I Ec, R. 28 64 32 I Tr. E. 

12 4 56 i Shi. 5 24 I Sh, E, 
6 34 I Te. E. 6 45 Il Tr. [. 

7 5 I Sh, E. 8 30 Il Sh, 1. 

7 18 II Oc. D. 9 18 i 6«6Tr, E. 

10 52 Il Ec, R. 11 4 Il Sh. E. 
14 24 Iii Tr. I, 30 5 22 Il Ec. R. 

4 38 m «6. EB. 10 44 Ill Oc, D. 

5 48 II Sh. E. 12 23 Ill Oc. R. 


Note:—I., denotes ingress; E., egress; D., disappearance; R., reappearance; 
Ec., eclipse; Oc., occultation; Tr., transit of the satellite; Sh., transit of the shadow, 
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VARIABLE STARS. 


Minima of Variable Stars of Short Period. 


[Calculated by Agnes E. Wells at Goodsell Observatory.] 
Given to the nearest hour in Greenwich mean time; to obtain Eastern Standard 
time subtract 5"; Central Standard 6°; etc. 


Star mm. .A. Decl. Magni- Approx. Greenwich mean times of 
1900 1900 tude Period minima in 1916 
November 
h m ° , d ih d h doh doh d ih 
SY Androm. 0 08.0 +43 09 9.5—13.0 34 21.8 14 13 
RT Sculptor. 31.5 —26 13 9.6—10.5 0 12.3 4 2; 11 16; 19 11; 27 $ 
UU Androm. 38.5 +30 24 10.7—11.9 1 11.7 4 11; 11 21; 19 8; 26 18 
U Cephei 0 53.4 +81 20 7.0— 9.0 2 11.8 121; 9 9; 16 20; 24 8 
Z Persei 2 33.7 +41 46 9.4—12 3 01.4 7 313 5:19 8 25 11 
TW Cassiop. 37.6 +65 19 82— 9.0 1 10.3 1 2; 8 6; 22 12; 29 16 
RY Persei 39.0 +47 43 8.0—10.3 6 20.7 6 22; 13 19; 20 16; 27 12 
RZ Cassiop. 39.9 +69 13 69— 8.1 1 04.7 5 1; 12 6; 19 10; 26 14 
TX Cassiop. 444 +62 22 94—10.1 2 22.2 9 9; 18 4; 26 22 
ST Persei 53.7 +38 47 8.5—10.5 2 15.6 5 1; 13 0; 20 22; 28 21 
RX Cassiop. 2 58.8 +67 11 8.6— 9.1 32 07.6 27 2 
Algol 301.7 +40 34 23— 3.5 2 20.8 1 1; 12 12; 18 6; 24 0 
RT Persei 16.7 +46 12 9.5—11.5 0 20.4 3 21; 10 16; 17 11; 24 6 
Tauri §5.1 +1212 338— 42 3 22.9 6 19; 14 16; 22 14; 30 12 
RW Tauri 357.8 -+-27 51 7.1—<11 2 18.5 3.19: 12 1; 20 9; 28 17 
RV Persei 4042 +33 59 9.5—11.0 1 23.4 7M i: & a 2 
RW Persei 13.3 +42 04 8.8—11.0 15 04.8 11 14; 24 19 
— $Z Tauri 31.4 +18 20 7.2— 7.7 3 03.6 5 14; 15 0; 24 11 
RS Cephei 4486 +80 06 9.5—12.0 12 10.1 9 0: 21 10 
TT Aurigae 5 02.8 +39 27 7.8— 8.7 0 16.0 3.15; 10 6; 16 23; 23 15 
RY Aurigae 11.5 +38 13 10.7—11.7 2 17.5 318; 9 5; 20 93; 25 14 
RZ Aurigae 42.9 +31 40 106—13.3 3 00.3 3 10; 9 11; 21 12; 27 12 
SV Tauri 458 +28 05 9.4—11.0 2 04.0 2 23; 11 15; 20 7; 28 23 
Z Orionis 50.2 +13 40 9.7—10.7 5 04.9 11 2; 21 11 
SV Gemin. 54.6 -+24 28 9.8—<11 4 00.2 2 20; 10 21; 18 21; 26 21 
RW Gemin. 5 55.4 +23 08 9.5—11.0 2 20.8 3 1; 8 18; 20 5; 25 23 
U Columbae 6 11.22 —33 03 9.2—10.0 2 19.2 5 14; 10 5; 20 10; 26 0 
SX Gemin. 22.0 +20 37 10.8—11.5 1 08.8 8 8; 17 13; 25 18 
RW Monoc. 29.3 + 8 54 9.0—10.8 1 21.7 414; 12 5; 19 20; 27 11 
RX Gemin. 43.6 +33 21 8.8— 9.6 12 05.0 12 19; 25 0 
RU Monoc. 6 49.4 — 7 28 98—10.5 0 21.5 3 9; 10 13; 17 17; 24 21 
R Can. Maj. 7149 —1612 58— 6.4 1 03.3 6 318 &: 24 7 
RY Gemin. 21.7 +15 52 8.9—-<10 9 07.2 9 12; 18 19; 28 2 
Y Camelop. 27.6 +7617 9.5—12 3 07.3 iT Sa FT 
TX Gemin. 30.3 +17 8 10.0—11.9 2 19.2 7 14; 16 0; 24 10 
RR Puppis 43.5 —41 08 9.4—10.7 6 10.3 tz (2 &BR wh 
V Puppis 7 55.4 —48 58 41— 48 1 10.9 5 15; 12 22; 20 4; 27 11 
X Carinae 8 29.1 —58 53 7.9— 8.7 0 13.0 7 22; 16 0:34 3 
S Cancri 8 38.2 +19 24 82-10 9 11.6 6 8; 15 20; 25 7 
RX Hydrae 9008 — 752 9.1—10.5 2 6.8 6 20; 15 23; 25 2 
S Velorum 29.4 —44 46 7.8— 9.3 5 22.4 6 7;12 5; 24 2; 30 0 
Y Leonis 9 31.1 +26 41 9.3—11.2 1 16.5 5 23; 14 10; 22 20 
RR Velorum 10 17.8 —41 36 10.0—10.9 1 20.5 9 22; 19 5; 28 11 
SS Carinae 10 54.2 —61 23 12.2—12.8 3 07.2 3 7; 9 22; 23 $; 29 17 
ST Urs. Maj. 11 22.4 +45 44 6.7— 7.2 8 19.2 9 0; 17 19; 26 14 
RW Urs. Maj. 35.4 -+52 34 10.3—11.4 7 07.9 3 5; 10 13; 17 21; 25 § 
Z Draconis 11 39.8 +72 49 9.9—13.6 1 08.6 3 8; 10 3; 23 17; 30 12 
RZ Centauri 12 55.6 —6405 85— 89 1 21.0 1 9; 8 21; 16 9; 23 21 
RS Can. Ven. 13 06.3 +36 28 7.5—12.5 4 19.2 2723: 32 & 3) 
SS Centauri 13 07.2 —63 37 8.8—10.4 2 11.5 6 9; 13 19; 21 6; 28 16 
6 Librae 14 556 —807 48— 6.2 2 07.9 1 16; 8 15; 22 14; 29 14 
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Minima of Variable Stars ot Short Period—Continued. 


Star R. A. Decl, Magni- Approx. Greenwich mean times of 
1900 1900 tude Period minima in 1916 
November 
h m o » d h €ensn@t #@8@& @ & 
U Coronae 15 141 +32 01 7.6— 8.7 3 10.9 5 17; 12 15; 19 13; 26 10 
TW Draconis 32.4 +6414 7.3— 8.9 2 19.4 3 8; 11 19; 20 5; 28 15 
SS Librae 15 43.4 —15 14 93~—11.5 0 18.4 2 8; 10 0; 17 16; 25 7 
SW Ophiuchi 16 11.1 — 6 44 9.2—10.0 2 10.7 4 5; 11 13; 18 21; 26 5 
SX Ophiuchi 12.6 — 6 25 10.5—11.2 2 01.5 8 13; 16 19; 25 1 
R Arae 31.1 —56 48 68— 7.9 4 10.2 8 §:17 1; 28 21 
TT Herculis 16 49.9 +17 00 8.9~— 9.3 20 18.1 5 16; 15 9; 26 10 
TU Herculis 17 09.8 +30 50 9.5—12 2 06.4 7 15; 14 11; 21 6: 28 1 
U Ophiuchi 115 + 119 60— 6.7 0 20.1 5 10; 13 19; 22 4; 30 14 
u Herculis 13.6 +33 12 46— 5.4 2 01.2 5 18; 11 22; 24 5; 30 9 
TX Herculis 15.4 +42 00 8.3— 9.0 1 00.7 5 11; 12 16; 19 21; 27 2 
RV Ophiuchi 29.8 +719 9. —12 3 16.5 1 12; 8 21; 16 6; 23 15 
SZ Herculis 36.0 +33 01 9.5—10.3 0 19.6 2 9; 10 13; 18 18; 26 22 
TX Scorpii 48.6 —34 13 7.5— 8.2 0 22.6 2 19; 10 8; 17 21; 25 10 
UX Herculis 49.7 +16 57 88—10.5 1 13.2 3 7; 10 1; 18 18; 26 12 
Z Herculis 53.6 +1509 7.1— 7.9 3 23.8 3 16; 11 16; 19 16; 27 15 
WX Sagittae 53.6 —17 24 9.2—10.8 2 03.1 6 5; 14 18; 23 6 
WY Sagittae 17 549 —23 1 9.5—10.6 4 16.0 3 8; 12 16; 22 0 
SX Draconis 18 03.0 +58 23 9.3~10.5 5 04.1 6 23; 17 7; 27 15 
RS Sagittarii 11.0 —34 08 59—63 2 10.0 7 21; 15 3; 22 9; 29 15 
V Serpentis 11.14 —15 34 9.5—11.1 3 10.9 3S 6; 10 3; 17 1; 23 23 
RZ Scuti 21.1 —915 7.4— 8.3 15 03.2 14 21; 30 0 
RZ Draconis 21.8 +58 50 9.5—10.2 0 13.2 116; 9 23; 18 5; 26 11 
RX Herculis 26.0 +12 32 7.0— 7.6 0 21.3 5 23; 14 19; 23 17 
SX Sagittarii 39.7 —30 36 8.7— 9.8 2 01.8 3 18; 12 2; 20 9; 28 16 
RR Draconis 40.8 +62 34 9.3--13 2 19.9 3 9; 11 21; 20 9; 28 20 
RS Scuti 43.7 —10 21 9.3—10.3 0 15.9 221; 9 13; 16 4; 22 20 
8 Lyrae 46.4 +33 15 3.4— 4.1 12 21.8 11 15; 24 13 
U Scuti 18 48.9 —12 44 91— 9.6 0 22.9 4 9; 13 22; 22 11 
RX Draconis 19 01.1 +58 35 9.3—10.2 1 21.4 112; 9 2: 16 15; 24 5§ 
RV Lyrae 12.5 +432 15 11. —128 3 14.4 321; 11 2; 18 7: 25 11 
RS Vulpec. 13.4 +22 16 69— 8.0 4 11.4 2 11; 11 10; 20 9; 29 7 
U Sagittae 144 +19 26 65— 9.0 3 09.1 2 6; 9 0; 15 18 22 12 
Z Vulpec. 17.5 +25 23 7.3— 8.5 2 10.9 6 19; 14 4; 21 12; 28 21 
TT Lyrae 243 +41 30 9.3—11.6 5 05.8 1 21; 12 8; 22 20; 28 2 
UZ Draconis 26.1 +68 44 90— 9.8 1 15.1 6 0; 12 13; 19 2; 25 14 
SY Cygni 19 42.7 +32 28 10 —12 6 00.2 6 16; 12 16; 24 17; 30 17 
WW Cygni 20 00.6 +4118 9.3—13.4 3 07.6 6 21; 13 13; 20 4; 26 19 
SW Cygni 03.8 +46 01 9. —11.7 4 13.8 3 20; 13 0; 22 3 
VW Cygni 11.4 +3412 98~—11.8 8 10.3 2 18; 14 5; 19 15; 28 1 
RW Capric. 12.2 —17 59 88—10.6 3 09.4 2 2; 8 21; 22 11; 29 6 
UW Cygni 19.6 +42 55 10.5—10.8 3 13 2 13; 911; 16 8; 23 16 
V Vulpec. 32.3 +2615 82—9.8 37 19.0 4 23 
W Delphini 33.1 +17 56 9.4—12.1 4 19.4 5 2; 1417; 24 7 
RR Delphini 38.9 +13 35 10.5—11.8 4 14.4 4 23; 14 3; 23 8 
Y Cygni 48.1 +3417 7.1— 7.9 1 12.0 3 8; 10 20; 18 8; 25 19 
WZ Cygni 49.3 +38 27 9.9—10.8 0 14.0 4 18; 10 15; 22 8; 28 
RR Vulpec. 20 50.5 +27 32 96—11.0 5 01.2 8 4,18 7; 28 9 
VV Cygni 21 02.3 +45 23 12.1—13.8 1 11.4 2 0; 9 9; 16 18; 24 4 
AE Cygni 09.0 +30 20 10.8—11.4 0 23.3 216; 12 8; 22 1 
RY Aquarii 14.8 —11 14 88—410.4 1 23.2 411; 12 8:20 §& 26 2 
UZ Cygni 55.2 +43 52 8.9—11.6 31 07.3 22 15 
RT Lacertae 21 57.4 +43 24 9.1—10.5 5 01.7 1 11; 11 14; 21 18 
RW Lacertae 22 40.6 +49 08 10.2—11.2 5 04.4 4 1; 14 10; 24 19; 29 23 
X Lacertae 22 45.0 +55 54 8.2— 8.6 5 10.6 5 13; 11 0; 21 21; 27 8 
TT Androm. 23 08.7 +45 36 11.3—12.6 2 18.3 4 9; 12 16; 20 23; 29 6 
Y Piscium 29.3 + 7 22 9.0—12.0 3 18.4 8 1; 15 14; 23 2: 30 15 
TW Androm. 23 58.2 +3217 86—11.5 4 02.9 8 16; 16 22; 25 4 
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Maxima of Variable Stars of Short Period. 


[Calculated by Bertha Booth and Bessie Burnham at Goodsell Observatory.] 


Given to the nearest hour in Greenwich meantime. To obtain Eastern standard 
time subtract 5"; Central standard time 6"; etc. 


Star R. A. Decl. Magni- Approx. Greenwich mean times of 
1900 1900 tude Period maxima in 1916. 
November 

h Di ° , d ih d h d h d b 4 h 
SX Cassiop. 005.5 +54 20 86— 9.4 36 13.7 
SY Cassiop. 0 09.8 +57 52 93—99 4 1.7 8 16; 16 19; 24 23 
RR Ceti” 1 27.0 + 050 83— 9.0 0 13.3 2 5; 9 23; 17 16; 25 10 
RW Cassiop. 1 30.7 +57 15 89—11.0 1419.2 8 22; 23 17 
V Arietis 209.6 +1146 83— 90 0238 3 3; 11 1; 19 0; 26 22 
SU Cassiop. 2 43.0 +68 28 6.5— 7.0 1 22.8 5 15; 13 10; 21 5:30 0 
TU Persei 3 01.8 +52 49 11.4—122 0146 319; 11 2; 18 9; 25 16 
RW Camelop. 3 46.2 +58 21 82— 9.4 16 000-1 17 
SX Persei 410.2 -+41 27 10.4—11.2 407.0 615; 15 5; 23 18 
SV Persei 42.8 +4207 88— 9.6 11 03.1 1 10; 12 13; 23 16 
RX Aurigae 4545 +39 49 7.2—8.1 1115.0 7 15; 19 6; 30 21 
SX Aurigae 5 046 +42 02 80—87 1128 1 9; 9 1; 16 16; 24 8 
SY Aurigae 05.5 +42 41 84— 9.5 10 03.3 10 15; 20 18; 30 21 
Y Aurigae 21.5 +42 21 86—9.6 3206 2 13; 10 6; 18 0; 25 17 
RZ Gemin. 5 56.6 -+22 15 9.1—100 5127 3 1; 8 14,19 5;25 4 
RS Orionis 6 16.5 +1444 82—89 713.6 415; 12 4; 19 18; 27 8 
T Monoc. 19.8 + 708 5.7— 6.8 27 00.3 26 20 
RZ Camelop. 23.7 +67 06 11.0—13.0 011.5 7 12; 14 17; 21 22; 29 2 
W Gemin. 29.2 +15 24 67—7.5 722.0 6 11;14 9; 22 7:30 5§ 
¢ Gemin. - 6 58.2 +20 43 3.7— 43 1003.7 2 3; 12 6; 22 10 
RU Camelop. 710.9 +69 51 85— 98 12 06.5 15 5 
RR Gemin. 7 15.2 +31 04 10.0—115 009.5 1 13; 9 13; 17 11; 25 10 
V Carinae 8 26.7 —59 47 7.4— 8.1 616.7 4 21; 11 14; 18 7; 24 23 
T Velorum 8 34.4 ~—47 01 7.6— 85 4153 6 9; 15 15; 24 22 
V Velorum 919.2 -—55 32 7.5—82 4089 7 21; 16 15; 25 8 
Z Leonis 9 46.4 +27 22 79—9.6 59 0.0 20 
RR Leonis 10 02.1 +2429 91-101 0109 1 8; 8 2; 21 16; 28 11 
SU Draconis 11 32.22 +67 53 89—96 015.8 1 21; 8 11; 21 16; 28 7 
S Muscae 12 07.4 —69 36 64—73 9158 3 1; 12 17; 22 8 
SW Draconis 12.8 +7004 88—96 013.7 5 1; 13 0; 21 0; 28 23 
T Crucis 15.9 -—61 44 68—7.6 617.6 6 20; 13 13; 20 7; 27 0 
R Crucis 18.1 —61 04 68—7.9 519.8 4 15; 10 10; 22 2; 27 22 
S Crucis 12 48.4 —57 53 65—76 4166 7 9; 16 18; 26 3; 30 20 
W Virginis 13 20.9 — 252 8.7—104 17065 3 2; 20 8 
SS Hydrae 25.0 -23 08 7.4—81 8 48 7 10; 15 14; 23 19 
RV Urs. Maj. 13 29.4 +5431 92—99 0112 7 7; 14 7; 21 8; 28 8 
ST Virginis 14 225 — 0 27 10.3-11.4 009.9 5 1; 13 6; 21 11; 29 16 
V Centauri 25.4 —56 27 64—78 511.9 5 6; 10 18; 21 17; 27 5 
RS Bootis 29.3 +32 11 89~—10.0 009.1 3 3; 10 16; 18 5; 25 18 
RU Bootis 14 41.5 +23 44 128-143 0119 4 0; 11 10; 18 20; 26 5 
R Triang. Austr. 15 10.8 -—66 08 6.7— 7.4 309.3 1 21; 8 16; 22 5; 29 0 
S Triang. Austr. 15 52.2 -—63 29 64— 7.4 607.8 111; 7 19; 20 10; 26 18 
S Normae 16 10.6 —57 39 66—7.6 9181 5 13;15 7; 25 1 
RW Draconis 33.7 +58 03 96-108 0106 4 13 3; 21 23; 30 20 
RV Scorpii 16 51.8 -—33 27 67—74 6015 5 3:11 4; 23 7; 29 9 
X Sagittarii 17 41.3 -27 48 44—50 7003 1 7; 8 8; 22 8; 29 8 
Y Ophiuchi 473 — 607 61—65 17029 8 6 25 
W Sagittarii 17 58.6 —29 35 43—51 7143 7 5; 14 20; 22 10; 30 0 
Y Sagittarii 18 15.5 -—18 54 54— 62 5186 5 10; 11 5; 22 18; 28 12 
U Sagittarii 26.0 —1912 65—7.3 617.9 5 23; 12 17; 19 10; 26 4 














Variable Stars 523 


Maxima of Variable Stars of Short Period—Continued. 


Ster R.A. Decl. Magni- Approx. Greenwich mean times of 
1900 1900 tude Period maxima in 1916. 
November 
h m ° , J h d h d oh d ih doh 
Y Scuti 18 32.6 — 8 27 87— 9.2 10083 2 0; 12 8; 22 17 
Y Lyrae 34.2 +43 52 113-123 0121 3 6; 9 6; 21 8:27 9 
RZ Lyrae 39.9 +32 42 9.9—11.2 012.3 6 7; 12 11; 24 17; 30 20 
RT Scuti 44.1 —10 30 91— 9.7 0119 4 19; 10 18; 22 15; 28 14 
« Pavonis 18 46.6 -—-67 22 38— 52 9022 7 7:16 9: 25 11 
U Aquilae 19 240 — 715 62—69 7006 1 18; 8 18; 22 19: 29 20 
XZ Cygni 30.4 +5610 86—93 0112 1 4; 8 4; 22 4:29 4 
U Vuipec. 32.2 +2007 65—7.6 723.5 6 19; 14 19; 22 18; 30 18 
~SU Cygni 40.8 +2901 62—7.0 3203 3 1; 10 17; 18 11:26 4 
» Aquilae 474 +045 37—45 7042 3 3; 10 8: 17 12: 24 16 
S Sagittae 51.5 +16 22 56—64 809.2 4 14:13 0; 21 9: 29 18 
X Vulpec. 19 53.3 +2617 95-105 607.7 5 8:11 16; 24 7; 30 15 
X Cygni 20 39.5 +35 14 60— 7.0 16 09.3 | ae | 
T Vulpec. 47.2 +27 52 55— 61 4105 4 23; 13 20; 22 17; 27 3 
WY Cygni 52.3 +30 03 9.6—10.4 0135 7 3; 13 20; 20 14; 27 7 
RV Capric. 55.9 —15 37 9.2—10.1 010.7 6 8; 13 1; 19 18; 26 11 
TX Cygni 20 56.4 +42 12 85— 9.7 14 17.4 12 22; 27 16 
VY Cygni 21 00.4 +39 34 88-— 9.5 7206 4 23; 12 19; 20 16; 28 13 
SW Aquarii 10.2 — 020 99-108 011.0 6 24; 13 10; 20 8; 27 5 
VZ Cygni 21 47.7 +42 40 82-— 9.2 420.7 3 13; 13 7; 23 0; 27 22 
Y Lacertae 22 05.2 +5033 91-96 407.8 3 5; 11 20; 20 13:29 5 
5 Cephei 25.5 +57 54 3.7- 46 508.8 5 13; 16 7; 21 15; 27 0 
Z Lacertae 36.9 +56 18 8.2— 9.0 10 21.1 5 16; 16 13; 27 11 
RR Lacertae 37.5 +55 55 85-92 6101 619; 13 5; 19 15; 26 1 
V Lacertae 22 445 +55 48 85—95 4236 3 3:13 2; 23 1:28 1 
SW Cassiop. 23 03.7 +58 11 92—9.7 5106 3 3; 14 0; 24 1;30 8 
RS Cassiop. 32.6 +61 52 9.0—11.0 6 07.1 5 15; 11 22; 24 13; 30 20 
RY Cassiop. 47.2 +58 11 9.3—11.8 12 03.4 11 14; 23 18 
V Cephei 23 51.7 +82 38 6.0—7.0 023.6 3 0; 12 23; 22 23: 27 22 
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COMET AND ASTEROID NOTES. 


Comet 1916 5b (Wolf).—On April 27 of the present year a faint object 
was discovered photographically by Dr. Max Wolf at Heidelberg. At first it was 
announced that a new asteroid had been discovered, but later the object proved to 
be a faint comet. Several parabolic orbits were calculated, but the following and 
latest one by Berberich seems to be the best. 

T = 1917 June 16, 1916 G. M. T. 
w = 120° 30’ 
& = 163 15 
i 25 35 
log gq = 0.22786 

These elements show that at the time the comet was discovered it was nearly 
as far from the sun as Jupiter (log ry = 0.69855) and in fact was pretty near 
Jupiter's orbit. It was at the same time 4.09 units from the earth. It must be a 
very large comet to have been discovered at such a great distance from both the 
sun and earth, and it should become a naked eye object in a year from now, as it 
does not reach its perihelion until June 17, 1917. It will be an evening star until 
November 1 (1916) and a morning star during next spring and summer, coming 
into opposition September 16, 1917. From the above elements of Berberich I have 
computed the ‘following ephemeris for the summer of 1917. From June 24 to 
September 28, 1917 the comet will be in the constellation Pegasus most of the time 


| Il 


EPHEMERIS BASED UPON BERBERICH’S ELEMENTS. 


G.M.T. a é log r log A 
1917 i et Se2 

June 24 22 33 15 +24 1 51 0.22862 9.06986 

July 2 22 47 40 +24 33 13 0.23106 0.05507 
si 10 23 0 30 +24 37 30 0.23512 0.04084 
, 18 23 11 33 +24 12 2 0.24070 0.02735 
* = 23 20 35 +23 14 41 0.24762 0.01501 

Aug. 3 23 27 32 +21 43 24 0.25580 0.00473 
= 11 23 32 26 +19 38 42 0.26502 9.99728 
ue 19 23 35 23 +17 2 32 0.27514 9.99387 
-. 23 36 44 +14 6 0 0.28596 9.99567 

Sept. 4 23 36 53 +10 40 28 0.29736 0.0°366 
oa 12 23 36 20 + 7 14 47 0.30918 0.01826 
ae 23 35 38 +355 3 0.32132 0.03938 
~ = 23 35 13 +052 8 0.33368 0.06623 


F. E. SEAGRAVE. 





NOTES FOR OBSERVERS. 


Monthly Report of the American Association of Variable Star 
Observers, July, August, September, 1916. 

The prosperity of the Association is well attested by the steady growth in its 
membership. Hardly a month passes without accessions to our ranks, and this 
awakening of observers to the practical nature of variable star observing is most 
encouraging and significant. 

We welcome as new members this month the following observers : 


Ed. de Perrot, Pasteur, L’Isle, Switzerland. “Pe” 
Mr. William B. Newberry, Cleveland, O. ‘“N” 
Mr. Richard B. Waterhouse, Bourne, Mass. “Wa” 








526 Notes for Observers 





VARIABLE STAR OBSERVATIONS July, August, September, 1916. 


001046 004533 011712 
X Androm. R Androm. RR Androm. U Piscium R Arietis 
J.D. Est.Obs. J.D. Est.Obs. J.D. Est.Obs. J.D. Est.Obs. J.D. Obs, Est. 
242 242 242 242 242 
1052.8<11.4 V 1100.7 8.1 Bai050.8 11.8 E 10528 113 E 10848 94M 
1078.7 12.7 Sp 07.6 86 B 51.6 11.3 Bu 70.9 114 E 97.7 9.0 BI 
1100.7<13.0 Ba 11.6 88 O 68.7 11.8 Ba 95.8<12.3 Ba 986 88 Pi 


07.6 13.5 B 001909 69.8 11.6 E 1101.6 8.5 Ba 
S Ceti 708 11.5 M 2012350 07.6 8.0 Ba 
001726 , 828 108 E ,,%2 Persei 
1069.9 11.0 E 7 98 Ba li0l.6 10.9 Ba 021143 
T Androm. 95.7 10.4 Ba 89. 38 a W Antien. 
1049.8 89 M 41047 103 M 95-7 9.1 Ba 012502 1095.7 12.4 Ba 
51.9 9.2 002614 1100.8 9.1 R Piscium 
528 90 Vo rp 04.7 9.6 M 1052.9<11.8 E 021403 
65.7 8.3 Le 1105.7 10.0 m 06.7 94 0 70.9 112 E o Ceti 
— ee 07.6 92 Ba 73.8<10.3 M 10689 86 E 
69.8 8.3 V 003179 | 004746 1105.7 10.7 M 96.8 80 M 
69.9 90 E . ¥ Cephei RV Cassiop. 013238 988 84 E 
77.7 8.3 Sp 1095.7<13.0 Ba ig45¢<121 L Ry Androm, 1107.7 8.2 M 
7.8 87 Le — 004047 51.6 10.1 Buy9508 11.3 M 7 83 Nt 
18 86 v eee Lt *, SMe 25 E 359 107 £ 021558 
897 86 Ba 508 110 M 708 91 M 708 11.0 E S Persei 
977 92 Bl S16 108 Bure, 4 B& 78.7<11.5 Pi 10687 9.4 Ba 
978 92 V 548 109 El? 9.3 Ba 95.7 125 Ba 70.9 9.4 M 
oe aa po . 05.7 9.9 M 1106.7 12.4 Ba 848 9.6 M 
99.7 89 M 68.7 10.0 Ba — po4gae 967 92 Ba 
1100.7 9.0 Ba 698 98 Ew assign. 013338 11056 93 B 
07.6 98 Nt 70.8 10.0 M joog4 9.2. L,Y Androm. 076 9.0 Ba 
096 9.5 O 786 92 B jo45'5 gg yz 1050.8 10.8 M : 
89.7 10.0 Ba 503 go m O28 It E 022813 
001755 92.6 99 B G27 g9 Ba O89 112 E U Ceti 
T Cassiop. 947 95 M 777 94 - 70.8 11.2 E 1107.7 10.2 M 
10428 92 R 98.6 99Wpi 797 gg gq 786<115 Pi 023080 
=. “y: a 98.6 10.1 Pi 5% gg pa 95-7<13.0 Ba RR Cephei 
776 88 Sosy 1yy be 95.7 85 Ba _ 014958 1083.7<10.9 M 
77.7 82 Sp 076 10.3 Ba 1105.6 8.6 B X Cassiop. 023133 
77.7 86 07.6 10.0 Nt 07.6 9.0 Bai051.6 11.5 Bu R Triang. 
787 96 07.7 9.5 Nt 57.9 11.6°M 1059.9 10.4 M 
89.7 82 Ba oe 010102 70.9 11.4 M 70.9 11.4 E 
966 92 Bu. RW Androm. Z Ceti 77.7 102 B 79.7 12.0 Le 
976 9.1 S $549 128 E jo957 115 Ba 84.8 116 M 848 11.2 M 
98.6 92Wpi 9-9 10.9 E 010940 946 10.5 B 96.7 11.7 Ba 
986 88 hans . : U Androm, 101-6 11.5 Ba 1107.6 11.8 Ba 
1005.6 88 B ““o1¢ 7.9 Ba 10528<11.8 E 015354 024356 
07.6 9.3 Nt 04.7 81M i 70.8<11.8 E U Persei W Persei 
11.6 9.2 O 967 79 ¢ 1100.7<13.1 Ba1057.9 10.4 M 1045.6 9.2 L 
001838 07.6 80 B 011272 69.8 98 V 478 95 E 
mr well 004435 S Cassiop. 81.8 93 V 51.7 95 Pi 
48 92 M 518 91 Le 
1045.8 7.5 V Androm. 10508<111 M 8 
49.8 7.8 M 10549 112 E 68.7<123 Ba 978 90 V 57.9 89 M 
78.6 12.4 B 11056 84 B 65.7 8.9 Le 
52.8 7.2 V 68.7 10.4 Ba 066 85 Ba: 737 87 Ba 
548 76 E 69.9 102 E 89.7 11.8 Ba ; _— —_ os oe 
68.7 7.3 Ba 70.9 10.0 M _ 946 12.2 B 015912 848 94 M 
69.8 7.2 V 78.7 99 Sp1106.6 11.7 Bug Abies 7. & 
07.6 12.0 Nt Arietis 96.7 8.9 Ba 
69.9 7.6 E 82.9 9.8 E . 1106.6<129 Ba 996 94 Pi 
78.6 7.9Wpi 89.7 9.2 Ba 011208 11008 9.0 M 
78.6 7.9 Pi 95.7 9.0 Ba S Piscium 021024 11067 9.0 Ba 
81.8 7.7 V 1105.7 9.6 M 1052.9<12.0 E_ R Arietis 
89.7 7.9 Ba 06.7 9.5 O 69.8<11.6 V 1048.9<10.0 E 025867 
978 82 V 076 91 B 81.8<11.6 V 70.8 10.2 M RX Cassiop. 
998 81 M 07.6 92 Bail06.6<13.0 Ba 71.9 10.3 E 10064 9.0 L 
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VARIABLE STAR OBSERVATIONS July, August, September, 1916—Continued. 


030514 060450 123160 
U Arietis X Camelop. X Aurigae V Urs. Maj. T Urs. Maj. 
J.D. Est.Obs. J.D. Est.Obs. 1008.4 8.4 L J.D. Est.Ubs. J.D. Est.Obs 
242 242 J.D. Est.Obs. 242 242 
1098.9 12.8 E 1081.6 8.0 Cr 242 1038.4 10.8 L 1037.3 7.7 Pe 
1196.7<12.5 Ba 96.7 80 Pi 829<107 E 42.7 105 R 393 81 Pe 
} 1105.8 84 M 95.8<12.0 Ba 43.4 106 L 45.3 82 Pe 
031401 4106.7 82 O 1100.9 93 M 44.7 102 R 464 81 Pe 
X Ceti 06.7 82 Ba 060547 46.7 105 R 466 83 O 
1098.9 118 E 0997 82 SS Auri 47.7 106 R 46.7 82 R 
oss04s 106 84 O iooeqeito L 47-7 10.6 Mu 486 84 Ma 
Y Persei reer 094211 49.7 83 M 
045514 18.4< 11.3 L 50 83 7 
1057.9 9.6 M _ R Leporis 68.9<10.8 E R Leonis a @ 
P 1016.3 9.0 Pe SI 88 1 
73.7 9.7 Bajo9¢9 8.0 M  69.9<114 E oo dv. © 516 86 O 
84.8 9.8 M 71.9<10.8 E 10284 9.0 L 516 85 Woi 
96.7 8.9 Ba 050003 828<110 E 447 87 Ro oe gon 
1100.8 10.2 EV Orionis 92.9<10.8 E 095421 516 81 Le 
00.8 10.1 M 10989 110 E 95.8<125 Ba vytLeonis 566 86 M 
07.6 9.6 B : 98.8<12.6 E 49456 126 B 61.6 90 O 
07.6 9.9 Ba _ 050953 1100.8<12.6 E 827 
R Aurigae 00.9<10.8 M 103212 oe 
032335 1082.9 8.0 E 2 U Hydrae 63.6 88 Ba 
R Persei 95.8 8.0 Ba  _ 063558 1008.4 5.1 L 63.7 9.0 Se 
1100.8<10.4 E 968 85 M . SlLyncis  j9197 52 G 646 90 0 
06.7<12.0 Ba 1082.9<117 E 367 52 G 666 90 E 
‘a 052034 065355 a isc = Ss 
033362 S Aurigae Oy pees ans 68.7 86 R 
UCamelop. 19958 7.9 Ba 10719. 97 E 103769 73.6 9.2 Ba 
1079.7 7.2 Le ogg 90 M ehates R Urs. Maj. 73.7 9.3 Wh 
1096.7 7.4 Ba : ; 070122 1050.6 12.5 Se 776 96 S 
; 052036 R Gemin. 51.6<10.5Wpi 1078.6 9.6 WPi 
041619 W Aurigae 1106.9 9.7 Nt 51.6<105 Pi 786 9.4 Ba 
TTowi  sesserits E 63.6 124 Ba 786 95 Pi 
1100.9 10.0 M _— 070122a 77.6 124 B 787 96 BI 
ce 053005 TW Gemin. 77.6 12.4 Ba 79.7 98 Le 
042215 TOrionis 1106.9 8.5 Nt 89.6 122 Ba 826 9.6 Ba 
W Tauri 1098.9 9.7 E , 93.6 118 B 89.6 10.1 Ba 
1098.9 ALS 06.8 10.1 Nt 070122b 946 12.0 Ba 93.6 10.8 Bu 
1100.8-<10.8 M 1107.8 101 M Z Gemin. 96.6<10.5 Pi 93.6 10.0 Sc 
06.9 11.2 Nt . : 1106.9<10.2 Nt 99.6 11.8 M 93.6 10.2 B 
053531 073722 1100.6 114 Ba 946 10.4 Pi 
R Tour U Aurigae S Gemin. 01.7 11.0 Sc 946 10.3 Ba 
1098.9< 10.6 E 1096.8 10.0 M 1101.9<10.1 M 04.5 11.0 Ba 986 10.4 Wh 
. 1098.9 9.7 E 09.6 10.0 M 996 11.4 M 
042309 ‘ 074323 e 1100.6 10.7 Ba 
S Tauri 054319 | T Gemin. 104020 07.6 11.1 Ba 
1098.9<10.6 E ,..SU Tauri 1101.9 86 M V Hydrae 
IS 1. 1098.9 9.4 E 1008.4 6.2 L 123307 
043065 074922 5915 R Virginis 
T Camelop. 054920 U Gemin. Pace 1008.4 7,4 L 
1096.7 10.8 Ba  UOrionis — 1006.3<10.9 L 49447 89 L 164 74 Pe 
1100.8 11.1 M 11009 84 M 084<117 L 45¢ g7 Bp 314 7.8 Pe 
1107.6 11.3 Ba 18.4< 10.0 L 36.4 7.5 Pe 
054974 121418 37.4 69 L 
043208 V Camelop. 085120 R Corvi 37.4 7.5 Pe 
RX Tauri 1095.8<12.6 Ba T Cancri 1016.3 89 Pe 393 7.3 Pe 
1098.9 12.0 E ae por M 1018.4 10.5 L 46.7 10.6 L 423 7.3 Pe 
043274 utitvtiem 122532 i 
X Camelop. 055353 V Urs. Maj. T Can. Ven. 46.4 76 L 
1008.4 11.9 L  ZAurigae 10064 10.6 L 1063.6 10.0 Ba 4g7 85 R 
39.4 11.6 L 10958 11.0 Ba 084 106 L 67.7 102 M 486 76 Ma 
49.9 108 E 989 110 E 184 107 L 736 103 Ba 636 91 Ba 
51.7 10.6 Pi 1100.9 11.0 M 284 108 L 806 106 Ba ails 
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VARIABLE STAR OBSERVATIONS July, August, September, 1916—Continued. 


123459 133674 142539 
RS Urs. Maj. S Urs. Maj. V Urs. Min. V Bootis 
J.D. Est.Obs. J.D. Est,Obs. J.D. Est.Obs. J.D. Est.Obs. 
242 242 224 242 
1063.6 11.7 Bai0946 7.9 Bal050 9.0 YT 10126 85 L 
73.6 10.7 Ba 96.6 8.1 Ma 42.8 82 R 
73.7 10.8 Wh 98.6 83 Wh _ 134440 45.6 7.5 L 
78.6 10.1 Wpi 99.6 8.1 Ma. R Can. Ven 47.8 7.7 Wh 
78.6 10.3 Pi 1100.6 7.9 Ba 10185 106 L 437 7.6 Ma 
78.6 10.3 Ba 07.6 7.8 Ba 49-5 106 L 517 7.9 Wpi 
78.7 82 Bl 105 80 O 636 114 Ba 517 76 Pi 
82.6 10.0 Ba 73.6 11.3 Ba 518 7.4 Le 
89.6 9.1 Ba _ 124606 78.6 11.0 B 627 73 B 
94.6 8.7 Pi U Virginis 80.6 11.0 Ba 636 72 Ba 
94.6 8.7 Bal016.3 9.3 Pe 83.6 104 M 667 7.0 Ma 
98.6 8.5 Wh 36.4 10.6 Pe 886 104 Ba 687 69 R 
99.6 8.5 M 39.3 10.7 Pe 946 102 Ba 727 8.0 Mu 
1100.6 8.7 Ba 42.3 10.7 Pell016 103 B 736 71 Ba 
01.7 8.0 Bl 45.3 10.9 Pe 046 99 Ba 737 7.3 Pi 
07.6 86 Ba 46.3 11.0 Pe 74.7 7.0 Ma 
09.6 86 M 132422 141567 77.6 7.7 S$ 
123668 RHydrae  U Urs. Min, eee ae 
: f 1051.6 11.0Wpi 78.6 7.2 Ma 
R Muscae 1008.4 5.5 L ; 4 1 i 
— =e 51.6 11.3 Pi 786 7.6 Sc 
1036.7 6.6 G 16.3 5.9 Pe r4 C 78.7 7.5 Mu 
37 68 G 197 52 G S26 109M ©). C- 
4 . P : 63.6 12.0 Ba 78.7 7.5 Bi 
46.7 7.1 G aoa 63 L ie 79.7 69 Le 
417 73 G 35 62 Lu 76 08 M06 73 Ba 
36 6.2 Lu woe 12 a 83.6 792 Mz 
S Urs. Maj. 37 62 Lu 787 104 B 886 72 Ba 
1018.5 113 L 337 53 G 806 109 Ba 896 7.6 M 
46.6 9.2 O 41 6.2 Lu 88.6 10.5 Ba 93.6 7.8 Bu 
486 94 Ma 424 52 , 926 99 B 6 76 Pi 
516 9.0 O 434 53 1 93.6 108 Bu 946 7.1 Ba 
51.6 88Wpi 464 56 L 946 105 Pi 95.7 7.8 Mu 
516 86 Pi 4e7 60 R ..946 10.3 Ba 98.6 7.6 Wh 
516 89 Ma 477 54 G 1100.6 9.7 Ball0l.7 7.5 Bl 
516 9.0 Le 6¢7 54 Gq 07.6 93 Ba 026 7.6 Ma 
56.6 8.5 M : 046 7.8 B 
616 87 O 132706 141954 046 8.0 S 
62.7 82 B S Virginis S Bootis 04.6 7.5 Ba 
63.6 8.5 Ba1l008.4 11.9 L 1046.7 86 Wh11105 80 O 
63.7 8.9 Sc 43.4<12.0 L “a7 a J 
64.6 85 O 3327: 51. A Pi 142584 
66.6 8.6 Ma T Ure Min. 63.6 8.3 Ba R Camelop. 
67.7 8.3 M 10486 9.8 v 886 85 M 10054 82 L 
687 91 R 626 93 M J36 86 Ba 394 84 L 
726 85 Ma ¢3¢6 90 Ba 276 88 S574 73 L 
73.6 83 Ba g¢¢6 87 Vv 27-6 88 B 646 95 O 
73.7 85 Wh 726 91 M /86<9.7 Se 656 9.7 Le 
77.6 85 S 736 90 Ba 806 85 Ba 717 95 R 
78.6 84 Ma g96 9.0 Ba 886 90 Ba 726 10.0 M 
78.6 8.5 Wpi g3¢6 93 M 89-6 92 M 736 9.7 Ba 
78.6 80 Ba 936 gg vy %46 95 Pi 776 10.0 B 
79.7 8.3 Le4100.6 10.0 Ba 946 94 Ba 797 10.1 Le 
82.6 7.9 Ba 076 10.5 80.6 10.4 Ba 
89.6 83 Ba 142205 83.7 10.8 M 
92.6 8.1 Ma 133633 RS Virginis 89.6 10.6 Ba 
93.6 8.5 Se T Centauri 10686 93 Ba 93.6 10.6 B 
92.6 83 Bui036.7 65 G 77.6 98 Ba 93.6 11.4 Bu 
946 85 Pi 38.7 60 G 896 99 Ba 95.7 10.8 Wh 


J.D. 
242 


R Camelop. 


1100.6 11.1 
04.6 11.5 


143227 
R Bootis 
1012.6 83 
45.6 6 
46.7 
46.7 
46.7 
48.6 
51.7 
51.7 
57.4 
61.6 
62.7 
63.6 
66.6 
68.7 
73.6 
77.6 
78.7 
80.6 
88.6 
89.6 
92.6 1 
93.6 
94.6 
94.6 
94.6 
1101.7 
04.6 
05.6 


> 


Medied 4 ey wer ee hd 


WOOO OOSNRAOBNHONINNNN 
Nw HeKH RON SOHLUAEABSROAUNWWONWNOS 


Ss 
oo = 
—) 


144918 

U Bootis 
1064.7 10.4 
66.6 10.4 
68.6 10.8 
77.6 10.9 
81.6 10.8 
89.6 10.5 
91.6 10.4 
93.6 < 12.2 
1107.6 < 10.7 


150605 
Y Librae 
1008.4 12.0 
37.4 12.4 
46.4< 12.0 
63.6< 13.0 


151520 

S Librae 
1008.4 11.2 
37.4 99 


46.4 9.6 
47.4 10.1 
9.7 


17 


worms zzwser 


Est.Obs. 


Ba 
Ba 


L 


= 


2s, 


io] 
© 


Ma 


Anarene 
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VARIABLE STAR OBSERVATIONS July, August, September, 1916—Continued. 


151614 154428 
S Serpentis R Cor. Bor. R Cor. Bor. R Cor. Bor. R Cor. Cor. 
J.D, Est.Obs. J.D. Est.Obs. J.D. Est.Obs. J.D. Est.Obs. J.D. Est.Obs, 
242 242 242 242 242 
1048.6 10.3 V 1006.4 6.0 L 1051.6 6.0 Wh1078.6 5.9 Hu 1109.6 6.0 M 
66.6 9.1 V 084 60 L 51.6 60 Pi 786 60 Ba 105 60 O 
68.6 8.7 Bal0i26 60 L 51.8 59 E 786 60 Ma 11.5 60 O 
77.6 87 Bal0i5 60 Lu 526 60 Cr 786 6.0 Pi 
81.6 91 V 16 61 Lu 548 58 E 786 60 Cr 154536 
88.6 86 Ba 17 62 Lu 548 6.0 Lu 78.7 6.1 Mu X Cor. B 
946 86 Bal0i84 6.0 L 548 6.1 Mu 787 6.0 Bl iosee gg B 
95.6 91 V 18 60 Lu 556 5.8 Le 787 61 R ‘Be 08 Ba 
1101.7 86 Bl 187 59 G 568 63 Lu 79.7 6.1 Mu 25° 103 Ba 
046 85 Ba 19° 61 Lu 574 60 L 797 5.7 Le gee ing Ba 
15173 19.7 61 G 57.8 63 Lu 797 60 R  oae i14 Ba 
S Cor. Bor. 20, 6.2 Lu 598 61 Lu 80.6 6.0 Ba s04¢ i909 Ba 
1068.6 12.5 Ba 20.7 61 G 608 61 Lu 808 62 Mu ‘/¥*8 160 Ba 
727<111 Mu 29 62 Lu 61.6 60 O 81.7 61 Mu 
776 12. B 35 <6.2 Lu 61.7 6.1 Mu 81.7 6.1 V 154539 
77.6 12.6 Ba 35.7 6.1 G 61.7 6.1 G 82.5 6.0 Ba V Cor. Bor. 
89.6<10.3 M 36 <6.2 Lu 62.1 6.0 Lu 83.6 6.1 Ma 1052.7 10.3 Pi 
95.6 128 B 367 60 G 626 60 M 885 60 Ba 656 110 M 
1107.6 12.8 Ba 37 6.2 Lu 62.7 6.1 Mu 89.6 60 Ba 686 10.0 Ba 
151822 38.4 6.0 L 636 6.0 Ba 896 60 M 776 93 Ba 
: 38.7 6.0 G 63.6 6.0 Sc 91.6 6.1 Ma -—"; 
RS Librae a 88.6 9.4 Ba 
ae 
1008.4 82 L 38 6.1 Lu 63.6 6.0 O 92.6 6.0 Ba 89.6 10.5 M 
? ‘ 39.5 60 L 646 6.0 Gr 92.6 6.1 Ma , 2 
37.4 97 L 39 61 L 646 6 Zs ; 94.6 8.7 Ba 
464 10.0 L i. u 34.6 5.0 0 92.6 6.4 Se 11046 88 Ba 
696 111 B 40 62 Lu 646 6.0 Cr 927 5.5 R 
w076<115 B 41, 61 Lu 648 61 Lu 936 60 Ba 
alae 41.7 62 Mu 656 60 M 936 61 V 154615 
152714 424 60 L 65.7 62 Mu 93.6 6.0 Sc _ R Serpentis 
RU Librae 42.7 5.7 R 658 60 Lu 93.8 6.1 Mu 10164 82 Pe 
10064 84 L 428 62 Mu 666 61 V 946 60 Ba 373 81 Pe 
184 83 L 434 59 L 666 60 Ma 946 64 Gr 466 90 0 
37.4 90 L 438 62 Mu 66.8 6.0 Mu 94.7 5.7 R 47.7 9.5 R 
464 92 L 447 5.7 R 668 5.9 Lu 95.6 60 Ba 47.7 9.0 Mu 
47.4 10.1 R 455 6.0 L 67.8 63 Gr 956 64 Gr 486 88 Ma 
63.6 107 B 45.8 6.2 Lu 67.8 6.1 Mu 95.7 60 Bl 49.7 93 Mu 
1107.6 125 B 464 60 L 686 60 Ba 95.7 60 Wh 516 93 O 
153378 46.6 60 G 68.7 58 R 95.7 61 Mu 526 93 Cr 
S Urs. Min. 46.6 60 O 68.7 61 Mu 96.6 60 Ma 616 96 O 
1039.4 91 L 46.7 5.7 R 69.7 62 Mn 966 60 Pi 626 98 M 
47.7 94 R 468 62 Mu 70.8 62 Mu 966 62 Bu 62.7 10.1 Mu 
47.7 88 Mu 47.1 59 Lu 71.6 60 M 966 60 Ba 646 97 O 
50 9<7 T 47.7 60 G 71.6 60 Ma 96.7 60 Mu 686 105 Ba 
51.6 9.8Wpi 47.7 6.1 Mu 71.7 61 R 97.7 60 BI 71.7 101 R 
51.6 92 Pi 47.7 5.7 R 71.7 61 Mu 99.6 60 Ma 72.7 10.4 Mu 
62.7 92 Mu 47.8 60 E 72.7 60 R 99.7 60 BI 77.6 103 Ba 
68.6 9.5 Ba 484 60 L 72.7 62 Mu1100.7 6.0 BI 78.7 10.5 Mu 
71.7 104 R 486 61 V 736 60 Ba 006 61 Ba 78.7 10.9 B 
72.6 93 M 486 6.0 Ma 73.7 60 Pi 01.5 60 Ba 886 108 Ba 
72.8 99 Mu 48.7 61 Lu 73.7 60 G 016 64 Gr 926 11.0 B 
77.6 9.7 Ba 488 59 E 73.7 61 Mu 01.7 60 BI 946 111 Ba 
78.7 104 Mu 489 62 Mu 74.7 59 R 03.7 60 BI 996 112 M 
78.7 104 Bl 49.7 56 R 75.7 60 G 045 6.0 Ba 1104.6 11.7 Ba 
83.7 9.5 M 49.7 6.0 Mu 75.7 61 Mu 046 6.5 Sc 
88.6 9.5 Ba 49.8 61 Lu 75.7 62 R 046 60 S$ 
92.6 10.0 B 50.6 6.0 Ma 76.7 6.1 Mu 046 6.0 M 155229 
946 104 Pi 506 60 G 76.7 6.5 Sc 06.6 6.0 Cr 7 Cor. Bor 
946 9.9 Ba 50.9 61 Mu 77.6 6.0 Ba 06.6 6.0 Ba 49776128 Ba 
1101.7 105 Bl 514 60 L 77.6 60 L 076 6.0 Ba 430062130 Ba 
04.6 10.0 Ba 51.6 60 O 77.8 61 Mu 096 60 0 : ? 
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155378 
S Urs. Min. U Serpentis U Herculis W Herculis 
J.D. Est.Obs, J.D. Est.Obs. J.D. Est.Obs. J.D. Est.Obs. 

242 242 242 42 
1093.6 10.2 Bui094.6 11.2 B 1068.6 7.7 Baii01.6 13.4 B 
155847 94.6 11.4 Ba 72.7 82 R_ 07.6 13.4 Ba 
X Herculis 96.6 11.6 Bu 72.8 8.0 Mu ; 
crows . 1104.6 10.5 Ba 73.7 83 Pi 163172 
1020.7 6.6 G ‘ R Urs. Min. 
. 07.6 10.4 Ba 77.6 7.4 Ba 
36.7 6.5 G 78.6 85 Ma1047.7 9.5 R 
41.7 6.3 Mu i 69695 78.6 8.5 Sc 51.6 9.4 Wpi 
42.8 6.4 Mu 51.6 9.4 Pi 
oe Herculis 78.7 8.5 Bl 
43.8 6.4 Mu 65.6 9.6 M 
104 7.9 V 788 83 Mu 
45.8 6.3 Lu 68.6 9.4 Ba 
66.7 7.9 V 83.7 83 M 
46.8 6.2 Mu 72.6 9.7 M 
68.6 7.0 Ba 886 7.9 Ba 
47.7 6.2 Mu 4 C 72.7 95 R 
71.6 8.0 M 93.6 87 Ma 
48.9 63 Mu ose 78.6 91 Ba 
77.6 7.1 Ba 946 81 Ba 
49.7 6.2 Mu ‘ > 83.7 9.5 M 
: 81.7 7.9 V 946 85 Gr 
50.9 6.1 Mu .. §88.6 9.0 Ba 
. 83.7 8.0 M 95.6 8.0 Gr . 
54.8 6.5 Lu 92.6 9.0 B 
; 88.6 7.4 Ba 95.7 8.4 Mu ] 
56.8 6.3 Lu ; a 966 a 946 94 Pi 
946 7.4 Ba 96.6 88 Ma 
57.8 6.3 Lu . - 946 91 Ba 
95.6 8.0 v 96.6 88 Pi . . 
60.8 6.2 Lu on, o' 1102.6 9.4 Ma 
617 64 G 966 8.2 98.6 8.7 Wh -_ 

; ‘ 966 8.0 Ba 1101.6 8.3 Gr 046 9.1 Ba 
61.8 6.1 Lu ¢ 05.6 9.4 Wh 
646 59 Nr 11046 7.9 B 017 9.0 BI 

= 04.6 7.9 Ba 02.6 89 Ma 
648 6.0 Luiiiog 81 0 046 85 B 163266 
65.8 6.0 Lu , 046 8.9 S R Draconis 
66.8 5.9 Lu 161138 046 84 Ba 1047.7<11.0 R 
69.7 6.2 Mu w Cor. Bor. 076 92 Nt 656<1L7 M 
70.8 6.2 Muyogg6 9.0 Ba 106 920 896 12.0 Le 
71.7 62 Mu 736 88 Ba ; ” 68.6 11.8 Ba 
72.7 63 Mu g96 84 Ba 162807 77.6<11.0 Wh 
73.7 6.0 Mu 886 8.5 Ba SS Herculis 78.6<11.8 Cr 
746 6.7 Nt 916 88 B 1006.4 11.5 L 786 11.9 Ba 
747 5.6 Ma 946 84 Ba 39.4 97 L  79.7<11.2 Le 
75.7 6.0 Muio046 9.0 Ba 434 92 L 89.6 12.1 Ba 
76.7 6.0 10.6 95 O 484 93 L  95.7<11.0 Wh 
77.8 6.0 66.7 10.1 V 1104.6 12.2 Ba 
78.7 6.0 Mu 162112 51.4 90 L  05.7<11.0 Wh 
79.7 6.0 Mu__ V Ophiuchi 66.7 101 V 06.6 12.7 B 
80.6 6.5 Nt 10064 88 L gee oo Ba 4055 

‘ 395 92 L 164055 
80.8 6.0 Mu : 78.6 10.8 Bas praconi 
‘ 47.7 96 R ; raconis 
81.7 6.0 Mu +. ae 81.7<11.4 V 4047.7 84 
88.6 6.0 Ne S8@ 96 L886 12.0 Ba 
52.6 9.6 Wpi 68.6 8.5 Ba 
93.8 6.0 Mu Pl! 946 123 Ba - 
; 52.6 9.4 Pi By 0.8 84 M 
94.6 6.1 Nt 95.6<114 Vo 75 
68.6 9.3 Ba ; 2.8 8.4 R 
95.7 5.9 Mu Me 1004.6 128 Ba 796 84 Ba 
96.7 5.9 Mu 71.7 93 R 06.6 12.6 Ba ea , 
1101.5 6.4 N 83.7 9.1 M 
: 7 t 094.46 ma 
162119 89.6 8.7 Ba 
06.6 6.6 Nt ae 162816 > 
U Herculis . : 1100.6 8.7 Ba 
1110.5 6.5 O 36 ; S Ophiuchi -  ¢ 
115 64 9 1046.6 7.6 O phiuc 1107.6 91 M 

, 47.7 7.1 Mu 1078.6 13.2 Ba 976 91 Ba 

160118 47.7 82 R 
R Herculis 48.6 7.8 Ma 163137 164319 

1088.6<13.0 Ba 516 7.8 0  W Herculis RR Ophiuchi 
95.6<10.7 Vi 61.6 7.9 O 1062.7 12.2 Le 1078.6<12.5 Ba 
1101.6<13.5 Bo 627 7.4 Mu 68.6<12.3 Ba 1094.6<12.4 B 
160210 64.6 8.0 O 786 9.0 Hu 
U Serpentis 64.6 82 Gr 78.7 12.8 Sp 164715 
1077.6 128 B 656 83 M 786 13.0 Ba S Herculis 
80.6 12.5 Ba 66.6 8.2 Ma 79.7<12.2 Le1047.7 11.1 R 
89.6 11.9 Ba 67.6 8.0 Gr 996 113 M 65.7 11.1 M 


VARIABLE STAR OBSERVATIONS July, August, September, 1916—Continued. 


S Herculis 
J.D. Est.Obs. 
42 


1068.6 11.5 Ba 
72.7<11.0 R 
78.6 11.9 Ba 
98.6<11.5 Wh 
99.6 11.7 M 

1100.6 12.1 Ba 
01.6 11.2 B 


165030 
RR Scorpii 
1047.7 9.0 R 
72.7 9.5 R 


165631 
RV Herculis 
1068.6< 13.4 
78.6<13.7 
78.7<14.0 
94.6 12.8 
1101.6 11.0 
06.6 10.6 


170215 

R Ophiuchi 
1006.4 7.8 L 
39.5 10.0 L 
51.8<10.2 E 
52.6<10.0Wpi 
52.6<10.0 Pi 
68.6 11.9 Ba 
78.6 11.9 Ba 


170627 
RT Herculis 
1065.7 11.5 M 
68.6 12.6 Ba 
78.6 12.7 Ba 
1104.6 13.0 B 


171333 
68 u Herculis 
1042.3 49 Pe 


Ba 


171401 
Z Ophiuchi 
1046.6 89 O 
48.7 9.0 V 
49.8 95 E 
66.7 9.1 V 
68.6 9.3 Ba 
78.6 9.3 Ba 
81.7 10.1 V 
89.6 9.6 Ba 
95.6 r 4 V 
96.6 9.7 Ba 
1106.6 10.0 Ba 
171723 


RS Herculis 
1047.7 9.0 Mu 
85 V 


48.7 
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180531 
RS Herculis T Herculis W Lyrae X Ophiuchi R Scuti 
Est.Obs. Py a Est.Obs. ov Est.Obs. 945° Est.Obs. 24d Db. Est.Obs 
1049.7 9.0 Mu1047.7 8.4 Mu1062.7 9.9 Mu1052.6 82 Pi 1051.4 58 L 
62.7 9.3 Mu 48.7 85 Ma 65.6 9.2 Le 626 80 M 516 64 O 
65.7 9.3 M 49.7 85 Mu 67.6 89 M 66.7 7.9 V 51.6 6.2 Wh 
66.7 9.4 V 51.6 85 O 72.7 9.1 Mu 66.7 84 Ma 51.7 5.5 Le 
68.6 9.5 Ba 616 81 O 73.6 84 Ba 68.7 8.0 Ba 52.6 5.6 Wpi 
72.8 9.5 Mu 62.7 83 Mu 74.7 88 R 74.6 8.0 Ma 52.6 6.0 Pi 
78.6 9.8 Ba 64.6 8.4 O 766 84 Sc 747 7.7 R 54.8 6.1 Mu 
78.7 9.8 Sp 65.6 87 M 78.7 85 Mu 78.6 8.0 Ma 57.4 62 L 
78.8 10.0 Mu 67.6 8.5 Gr 78.7 8.1 BI 78.6 7.8 Ba 60.8 6.1 Lu 
81.7 98 V 68.6 84 Ba 79.7 83 Le 81.7 73 V 61.6 69 Bu 
88.6 10.5 Ba 72.6 84 Ma 80.6 81 Ba 886 7.0 Ba 61.8 6.0 Lu 
91.6 10.5 B 73.7 8.5 Pi 886 7.6 Ba 91.6 7.6 Bu 62.7. 7.0 Mu 
946 114 Ba 74.7 87 R 89.6 7.6 M 93.6 7.55 Ma 63.6 6.4 Ba 
95.6 10.4 V 78.7 °5 BI 916 82 Bu 93.6 7.0 M 64.6 7. O 
95.7 10.9 Mu 78.7 83 Sc 966 7.3 Ba 96.6 7.2 Ba 64.6 7.0 Nt 
96.7 11.0 Pi 78.8 85 Mu 96.7 7.8 Pi 96.6 7.5 Ma 64.6 7.4 Bu 
97.7 11.0 Wh 80.6 86 Ball06.6 7.6 B 96.7 7.5 Pi 64.8 59 Lu 
99.6 11.4 M 82.8 9.0 E 06.6 7.4 Ba 99.6 7.3 Ma 65.7 7.2 Mu 
1106.6 11.8 Ba 83.7 9.0 M 06.7 7.8 O 1107.6 68 Ba 65.8 6.0 Lu 
07.6 12.0 Nt ys 9.2 Ba 09.6 7.4 M 184134 66.6 69 Ma 
172808 91.6 9.4 Bu aren 66.7 6.4 G 
RU Ophiuchi 96.6 9.6 Pi _ 182224 _ RY Lyrae 66.8 6.0 Lu 
1048.7-112 V 96.6 9.7 Ma SV Herculis 1080.6<13.3 Ba 67.7 74 M 
64.7 128 B 96.6 9.6 Ba 1068.7 10.6 Ba 184243 68.6 6.9 Ba 
66.7<11.6 V 1101.7 10.0 Bl 78.6 10.7 Ba “tye 68.8 7.2 M 
tegr at . 087 96 82.8 10.8 E RW Lyrae +" 
68.6 13.0 Ba 7 9.6 Wh : 1048.8< 128 E 68.7 7.1 R 
78.6<13.5 Ba 96.6 105 B 88.6 10.9 Bates ey pa 687 7.2 Mu 
817-112 V 066 11.0 Ba 91.6 111 B | 306 134 Ba go7 74 My 
= = v 96.6 5 Ba 1105.7<13.8 Sp 7 @ 
82.8<11.8 E nor 6 11.5 Ba 06.6< 13.6 B 70.8 7.6 Mu 
986-130 B = a, 1106.6 12.2 Ba ae ee 71.6 7.0 Ma 
5 raconis 84205 71.6 7.2 
1751 11 1068.6 10.8 Ba 182306 gf am he a8 ~ 
RT Ophiuchi 73.6 10.2 Ba TSerpentis jog 4° 33 > an 
1045.6 129 B 786 102 Ba 1048.7 10.3 v ‘4 23 tb Th? 75 Mu 
78.6<13.0 Ba 986 95 Ba 626 110 M S84 93 L 727 74 R 
98.6<128 B 966 93 Ba 667 110 V 284 54 Lo 727 7.2 Mu 
175458 96.6 97 M 68.6 1 1.6 Ba 30.4 -< Pe Lhe a ~ 
T Draconis 1106.6 9.0 B 747 99 R ap 55 7 7 ay 
1066.7<11.4 V 066 91 Ba 786 11.5 Ba 457 39 Mu 737 71 G 
78.6 11.0 Ba me Sly MSV 6427 51 :R «2747 «72 Me 
81.7<10.4 V 180666 83.7 12.0 M 428 60 M 147 7 
89.6 10.9 Ba X Draconis 98.7<11.2 V 43.4 54 1 . 715.7 7 i 
Oo “" e oa ad é 3. , 5. : 
ery y 1099.6<11.5 M 96.6 12.4 Ba 43.8 5.9 Mu 75.7 75 R 
11066 110 Be ...281103 183225 447 51 R 757 7.3 G 
066 11.0 Ba, XY Ophiuchi RZ Herculis 49.4 2.8 Pe 166 7.4 Bu 
076 10.1 M 1048.7<11.3 V 1080.6 10.0 Ba 46.3 5.9 Pe 77.6 7.5 Nt 
po Ate 77.6 128 B 886 95 Ba 466 60 O 77.6 7.3 Ba 
175519 946 10.5 B 96.6 9.2 Ba 46.7 6.1 R 77.6 7.6 Wh 
RY Herculis 95.7 10.4 V 11066 89 Ba 46.8 59 Mu 77.8 7.2 Mu 
1048.8 9.9 E 96.6 10.5 Ba 47.7 6.1 R 78.6 7.3 Ba 
94.8 9.0 E 11066 91 Ba 183308 47.7 6.0 Mu 78.6 7.4 Wpi 
68.6 8.7 Ba X Ophiuchi 47.7 58 G 78.6 7.6 Pi 
78.6 8.5 Ba 181136 1008.4 84 L 47.8 59 E 78.6 74 Bu 
82.8 8.8 E W Lyrae 39.5 79 L 48.6 56 Ma 78.7 7.2 M 
a - _ — _ os - e = 6.0 = Load 7.1 Mu 
91.6 a) , 95 E ‘ , 8.9 5.9 u_—=s«78«. 7.3 R 
ame oe 1 oe 10.4 _ 48.8 8.5 E 49.7 6.0 Mu 79.7 7.2 Mu 
0.6 : e S16 05 0 51.4 84 L 50.6 5.7 Ma 79.7 7.3 R 
07.6 9.1 Nt 61.7 10.0 Mu 526 85 Wpi 509 60 Mu 79.7 7.2 Le 
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185634 


R Scuti Z Lyrae R Sagittarij R Cygni TT Cygni 
J.D. Est. Obs, J.D. Est.Obs, J.D. Est.Obs. ZB. Est.Obs. J.D, Est.Obs, 
242 242 2 42 242 
1080.6 7.2 Ba 1082.6.- 13.9 Ba 1075.7 79 R 1019.7 7.7 Le 1092.6 84 Ma 
81.7 7.2 My %.6<13.3 Ba 79° 81 Ba 373 81 Pe 96.6 76 Ba 
82.5 73 Ba 190108 89.6 8.0 Ba 393 81 Pe 966 94 Ma 
83.6 7.2 Ma » haut 95.6 82 Bu 423 79 Pe 977 83 Bl 
83.7 7.3 mM 1008.4°'9.9° 9.6 82 Ba 464 6.9 Pe 986 83 M 
85.6 7.0 Ma 395 72 £ 977 80 Bl 47.7 72 Muy 1006.6 7.4 Ba 
88.5 6.9 Ba 48.7 59,y 11056 83 Bo 487 77 Ma 
89.6 7.0 M 51.4 67 L 066 8's Ba 489 72 & 194048 
89.6 6.6 Ba 51.7 63 Se ‘ 51.6 69 O RT Cygnj 
90.6 6.9 Bu 626 62 M 191033 51.7 7.1 Le 1019.7 8.1 Le 
91.6 6.5 Bu 62:7 69 B RY Sagittarii 56.6 66 M 47.7 9.4 Mu 
91.6 62 Wh 66:7 61 Vv 1039.5< 9.7 L 62 8.0 48.9 96 F 
91.6 6.3 Ma 68.7 6 Ba 49:5 9.6 L 636 7.0 0 516 9.7 O 
916 6.0 Cr 73.6 61 Se 75.7 10.5 R 66.6 74 Ma 51.7 99 Le 
92.6 6.2 Ma 786 59 be 79.7." 98 R 68.7 7.0 Ba 56.6 10.0 M 
92.7 63 R 78.7 65 sc 927-100 R 716 77 M 62 97 7 
93.7 6.3 Ba 81.7 61 Vv 94.7<10.1 R 72.7 69 Mu 63.6 10.0 O 
93.6 5.9 Cr 88:6 60 B 1104.6 14.5 Ba 75.7 7.3 R 68.7 11.0 Ba 
93.6 6.0 Ma oS ” é 76.6 66 So 75.7<11.0 R 
37 61 Ba 946 5.8 M 191350 86 72 § 767 108 Se 
93.8 65 Mu cae = _ 0736 782 Ba 786 7.1 Hu 786 113 Hu 
945 55 pj 957 ey Bi — 10.4 Be 786 74 Ma 786 11.5 Ba 
246 6.0 Ma 95.7 6, 6 ia, oe 787 7.1 Mu 828 115 & 
94.7 59 R 96.6 6.1 y 80.6 10.4 Ba 80.6 74 Ba 887 149 Ba 
94.8 5.9 Mu oe or h “wan = ~ 828 72 E 966 11.0 Le 
95.6 6.0 Ba 066 6's 6. * 836 77 Ma 6.6 11.4 Ba 
95.7 6.0 Mu : : 88.7 7.1 Ba 99.6 11.2 M 
95.6 5.9 Bu 190529 191637 90.6 7.4 M 1106.6 11.9 Ba 
96.6 5.5 Pj 7 rood Lyrae 92.6 7.3 Ma 
96.6 5.9 Ba 0656. 1a Nt 1042.7 10.7 R 957 7.2 Mu 194348 
96.6 5.8 Ma 68.7<12'4 Ba %5.6 10.4 Nt 966 7.8 Pj Cygni 
96.6 5.5 Le 78.6 13.9 Ba 68.7 10.9 Ba 96.6 73 Le 10427 10.2 R 
96.7 6.0 My 78. "716 10:3 M 9%6.6 75 Ma 48.9 99 F 
97.6 5.7 Buy 190926 75.7 103 R 96’ 7.2 Ba 566 94 4 
97.7 5.8 Bl X Lyrae 78.6 90 Ba 97.7 8.0 BI 68.7 10.0 Ba 
98.6 5.0 M 1046.6 92 0 828 109 E 1002.6 7.7 Ma 757 9.9 R 
99.6 5.7 Ma 51.6 92 Ma 887 95 Ba 026 7% Bu 78.6 10.5 Hu 
1100.6 5.9 Ba 51.6 99 Se 89.6 10.4 M 06.4 7.3 Ba 78.6 10.1 Ba 
01.5 5.7 Ba 716 93 M 966 99 Ba 82.8 10.9 E 
a. = 193509 88.7 10.6 B 
O15 5.2 Pj 73.6 8.9 Ba 11066 9.3 Ba - a 
01.7 5.8 By ‘ RV Aquilae 96.6 11.1 Ba 
6 5 47 83 R “st ee os 11.0 BI 
02.6 546 Ma 73.6 89 Ba 
O26 55 By o38 8. 192928 (3-6-13.0 Ba 994 11.4 M 
045 56 Ba 747 93 R TY Cygni og 1S! Ba i19g¢ 14 Ba 
6 5 Tet 84 Sc 19a 12.0 E 1100.613.2 Be 
05.6 5.9 Bu 78.6 93 in 12 Vv ' , 
06.6 5.0 By 828 91 9 as - 193732 194604 
06.6 5.6 Ba 89.6 88 M 71.6 112 M Cygni X Aquilae 
06.7 53 © 95.7 93 By 78.6 131 Ba 10184 74 L 10427 ° 93 p 
97.6 56 Ba 96.6 92 Ma 82.8--11'9 BE 427 739 R 52.7 11.0 y 
09.6 53 69 96.6 7.5 Ba 82. 434 73 L646 11.1 Nt 
09.6 5.0 mM 1106.6 93 Be 48.6 83 Ma 667 11.1 V 
10.6 53 0 193311 66.7 82 Ma 66.6 11.3 mM 
116 53 69 191019 RT Aquilae 716 82 M 687 11.2 Ba 
R Sagittarii_ 1048 4 96 L 736 73 Ba 786 113 B 
1045.5 ° 3.7 43.4 102 L746 8.0 Ma 786 417) Ba 
48.9<10.9 E637 11.1 Ba 786 8; Hu 78.7 106 R 
185032 51.7 84Wpi 796 113 Ba 786 84 Ma 81.7<113 y 
RX Lyrae 51.7 85 Pi 96 ¢ 122 Ba 787 go R 95.6 “12.2 B 
1080.6<13.5 Ba 8'7 8.1 Ba 1106.6 19'g Ba 806 7.4 Ba 1100.6 125 Ba 





193449 
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194632 200938 
x Cygni S Sagittae SV Cygni RW Aquilae RS Cygni 
Ty Obs.Est, J.D. Obs.Est. Est.Obs, .J-D- Obs.Est. J.D. Est.Obs, 
242 242 24s? 242 242 
1016.4 10.7 Pe 1106.7 5.7 O 19676 9.1 Mm 1094.7 88 R 10184 74 L 
184 119 L 096 58 O 7176 93 Ma 966 91 Ba 434 75 L 
36.4 11.7 Pe 105 5.7 O 79% 9 My1100.6 90 Ba 487 77 Ma 
37.3 11.6 Pe 11.5 54 0 73.6 82 Ba 016 92 Pi 62 9.0 7 
39.4 11.7 Pe 195849 78.6 92 Ma 01.6 91 Ba 626 88 M 
45.4 11.7 Pe 7 Cygni 78.7 92 Mu 046 9.1 Ba 726 83 Ma 
46.4 11.8 Pe 1047.7<11.0 Mu 78.7 93 R 066 9.1 Ba 7386 7.4 Ba 
48.8<12.2 E69 <11.0 T 80.6 82 Ba 78.6 8.7 Ma 
646 129 B 647 125 B 836 9.0 Ma 200747 79.7 8.2 R 
78.6<12.0 Hu 667<116 V 89.6 9.0 M RX Cygni 80.6 7.3 Ba 
78.6 12.6 Ba 716 112 M 926 91 Mal0478 81 Mu 89.6 84 M 
1106.6<13.0 B 727 113 Mu 95.7 9.0 Mu 497 81 Mu 896 7.9 Ba 
73.6 10.4 Ba 96.6 9.5 Wpi 61.7 8.0 Mu 92.7 7.4 Ba 
195116 78.7 11.1 Mu 966 95 Pi 62.7 7.8 Mu 93.7 7.9 Ba 
S Sagittae 80.6 89 Ba 96.6 9.0 Ma 63.6 7.8 O 946 7.8 Ba 
1041.7 5.8 Mu 81.7 92 V 97.7 92 BI 72.7 80 Mu 96.6 8.6 Wpi 
os 6.1 R 896 81 Ba 986 90 M 73.7 7.8 Mu 96.6 8.7 Pi 
428 5.8 Mu 906 84 M 11006 85 Ba 95.7 8.0 Mu 96.6 89 Ma 
438 58 Mu 916 81B 076 84 Ba 96.6 7.9 Ba 
46.6 5.9 0 95.7 9.2 Mu 1100.6 7.7 Ba 
46.8 6.0 Mu 97.7 80 V 200715a 200812 016 7.8 Ba 
478 8.0 Muy 1101.5 82 Pi S Aquilae RU Aquilae 04.6 7.8 Ba 
48.9 6.0 Mu 016 7.8 Ba1039.5 10.5 L 10466 96 0 066 79 Ba 
49.7 61 Mu 026 85 Bu 428 103 R 73.6 102 Ba 
50.9 61M 200212 43.4 10.5 L 80.7 10.5 Ba 201008 — 
st te 51.4 112 L 91.6 10.5 BR Delphini 
Sa8 87 intone’, G66 113 B 908 112 me 1008 On I 
54.8 5.7 Lu 1046.6<10.8 O ayer ~ 7 77.7211.0 Wh 
54.8 5.8 Mu 51.8 119 E 985.7 114 M 1106.6 11.5 Ba 77.711. 
a er 3.6 10.5 B 80.6 12.5 Ba 
57.8 5.6 Lu 646 12.0 B 79.7 103 R 93.7< 11.3 Wh 
oy Me o" a. -e ~ 80.6 10.5 Ba 200906  1105.7<11.3 Wh 
. . : Z uilae 
61.8 5.9 78.7 12.0 Ba 89.6 10.3 OS ea at E 201130. 
62.7 5.4 sa 1101.6 125 B 20-6 11.0 Bu there te. SX Cygni 
63.6 5.7 O 016 122 Nr %6 10.1 B 656 102 B 1051.8 10.3 E 
646 58 O 056 122 M ao st ae ak he ae 
a ee ee 
ee ygni 96.6 98 Ba_ %6. . 2 oe a 
bey Sf bY 10456133 B 11006 98 Sak = SS 
68.7 6.0 My 826 <13.0 Ba 01.6 10.1 Pi 66 99 Ba 1100.6 105 Ba 
69.7 5.9 Mu 89.6114 M ie 01.5 112 Pi 
70.8 5.7 Mu = 999595 066 98 Ba ., 200906 04.6 11.8 Nt 
71.7 5.6 Mu W \Vulpeculae ? @ R Sagittae 201121 
72.7 5.6 Muyo33 91 or 200715b 10428 9.4 Ro prac! 
73.7 5.7 Mu! 50 91 YT  RWaAquilae 656 9.9 B was aa 
75.7 6.0 Mu 51 93 + 10395 91 L 65.7 97 M 66 66 L 
16.7 5.9 Mu 63 93 + 434 92 L 736 93 Ba 787 69 B 
77.8 54 Mu 64 g9 r 514 93 L 79.7 95 R 7997 76 R 
78.7 5.4 Mu 65.6 9.2 B 806 89 Ba $91 65 B 
78.7 62 R 200647 65.7 9.0 M 896 88 Ba 967 64 Ba 
79.7 5.6 Mu SV Ovgni 73.6 91 Ba 906 87 Bu joe 74 PL 
79.7 5.8 R 10478 88 Mu 79.7 92 R 916 90 B 076 66 Bs 
81.7 5.8 Mu 487 91 Ma 806 89 Ba 926 88 Ba ” 
92.7 6.2 R 49.7 90 Mu 89.7 9.1 Ba 936 87 M 201647 
94.7 60 O 51.7 83 Le 906 96 Bu 946 88 Ba U Cygni 
948 5.4 Mu 526 90Wpi 91.6 91 B 966 88 Ba 1045.6< 9.8 Cr 
95.6 5.8 Bu 526 93 Pi 926 89 Ball006 88 Ba 478 10.0 Ma 
95.7 5.5 Mu 61.7 9.2 Mu 927 89 R 016 89 Ba 497 101 Mu 
96.7 5.4 Mu 627 93 Mu 936 88 M 046 88 Ba 506 96 Cr 
66.7 92 Ma 946 91 Ba 066 89 Ba 514 103 L 
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U Cygni Z Delphini Z Delphini V Vulpeculae 
J.D. Est.Obs. J.D. Est.Obs. J.D: Est.Obs. J.D. Est.Obs. 
242 242 242 1063 8.9 T 
1051.6 9.6 Cr 1082.6 10.2 Bali78.7 9.4 Le 64 9.0 1 
52.6 10.0Wpi 96.6 10.8 Ba 78.7 9.0 R 66.7 88 Ma 
52.6 9.7 Pi 97.7~115 V 796 89 Le 67.7 92 M 
52.6 9.8 Cr 1101.7<11.2 Pi 79.7 89 R 73.7 87 Ba 
59 <10.0 T 05.6 11.7 Nt 80.6 88 Ba 82.6 86 Ba 
62 <11.0 T 06.6 13 Ba 826 88 Ba 85.6 88 M 
62.7 10.1 Mu 07.7 115 M 828 93 E 92.7 92 R 
64.6< 9.8 Cr 84.7 93 Le 93.6 8.9 Ma 
67.6 7.7 M 202946 85.6 93 Le 99.6 9.2 Ma 
72.7 10.9 Mu SZ Cygni 88.6 9.3 Ball00.6 9.6 Ba 
73.6 93 Bal0064 9.6 L 89.6 97 Ba 07.6 9.0 Ba 
78.6102 Cr 184 9.6L 89.6 10.0 M 203611 
78.7 11.1 Mu 42.7 10.0 R 89.7 9.9 Le Y Del hini 
787-103 R 447 103 R 916 93 B i497 417 M 
81.6<10.2 Cr 46.6 9.5 Le 926 93 Ba cig io) 
826 91 Ba 46.7 94 R 946 89 Ba 95'6 199 Ba 
89.6 10.0 M 476 94 Le 947 95 R gee is, B 
91.6 99 Cr 47.7 93 R 947 90 Le "? * 
93.6 10.0 Cr 48.7 93 Le 95.7 87 Ba 203816 
95.7 11.0 Mu 49.7 89 Le 95.8 88 Le S Delphini 
96.6 10.8Wpi 50.6 88 Le 96.6 86 Ba1049.8 10.7 M 
96.6 10.4 Pi 514 96 L 96.6 88 Le1105.6 9.7 Nt 
98.6 10.2 M 51.6 88 Le 97.7 9.5 Bl 07.7 101 M 
1100.6 88 Ba 526 93Wpi 97.8 9.0 Le 
52.6 94 Pi 98.7 9.1 Le _ 203847 
202539 52.7 89 Le 997 9.2 Le V Cygni 
RW Crgni 548 9.0 Le1100.6 9.2 Ba 1044.6 12.5 B 
1042.7 R 55.6 9.1 Le 006 94 Le 50.9 123 E 
48.7 83 Ma 5.66 94 Le 016 9.3 Ba 69.6 123 B 
516 8.0 Ma 57.7 9.5 Le 03.6 98 Le 73.7 12.5 Ba 
52.6 8.0 Wpi 587 9.6 Le 045 9.4 Ba 826 124 Ba 
52.6 81 Pi 59.7 96 Le 048 9.9 Le 89.6 10.9 Ba 
57.6 7.8 Ma 60.6 97 Le 05.6 98 Le 95.6 10.7 B 
626 82 M 626 9.6 Le 06.6 9.4 Ba. 99.6 11.2 M 
64.6 7.6 O 63.6 9.0 Ba 06.7 98 Le 1100.6 11.0 Ba 
66.6 8.2 Ma 63.7 91 Le 07.6 92 Ba 05.6 12.7 Nt 
73.6 7.8 Ba 647 9.0 Le 087 94 Le — go4o4¢ 
78.6 8.4 Ma 65.6 9.0 Le 09.7 89 Le pephini 
78.7 80 Bl 656 89 M 108 88 Leiyoige yn 
~~ ae 1049.8 10.0 M 
79.7 89 R 66.6 9.0 Le — gooar : 
aa a 2 a8 202954 51.8 10.0 E 
82.6 7.3 Ba 67.6 92 Le . 
Or ‘ 20 p ; ST Cygni 73.7 9.9 Ba 
89.6 86 M C26 89 Ba. none ‘ , 
a aps ow 1065.6 11.2 M 786 99 B 
926 84Ma 686 9.4 Le’ 237 a ont 
4 —- 3.7 10.4 Ba 82.6 10.2 Ba 
926 7.5 Sc 687 92 R {of $s 
r oa oe 78.6 98 B 92.6 10.0 B 
96.6 86Wpi 696 9.4 Le 9@ = 
- ‘eo ; 82.6 10.1 Ba 94.7 10.5 R 
96.6 86 Pi 70.7 95 Le oo 
hey ; 89.6 10.8 M 96.6 10.9 Nt 
96.6 83 Ma 71.7 9.7 R 916 < ; 
. ; 91.6 9.7 B 1100.6 10.7 Ba 
97.7 83 Bl 72.7 94R : 
. ae 1100.6 9.8 Ba 017 10.6 Pi 
1100.6 7.3 Ba 727 98 Le’'o:¢ 101 Pi 077 112 M 
07.6 7.9 Ba 73.6 10.0 Ba pa? 7) . - 
: 05.6 10.4 Nt 
73.7 9.8 Le > a 204318 
07.6 98 Ba | 20431 
202817 74.7 99 R ; : V Delphini 
Z Delphini 74.7 9.8 Le 203226 1050.9 13.0 E 
1049.7 9.6 M 75.7 10.3 RV Vulpeculae 82.6 12.6 Ba 
918 9.5 E 75.3 98 Le10428 88 R 98.6. 12.5 B 
52.7 9.0 V 77.6 92 Bl 48.7 87 Ma 
66.7 95 V 777 94 Le 50 89 T 204415 
73.6 99 Ba 78.6 9.0 Ba 51 a. s U Capricorni 
81.7 9.7 V 787 95 Bl 62 9.0 VY 1105.6<10.7 M 





204405 
T Aquarii 
J.D, Est.Obs. 
242 
1042.8<10.5 R 
51.8- 11.0 E 
55.7<.12.2 Le 
77.6 12.7 B 
82.6 12.4 Ba 
91:6 11.0 
94.6<-11.0 
94.7 10.5 
96.7 11.0 
1106.6 10.4 
07.7 10.4 


204846 
RZ Cygni 
1082.6 12.6 
1100.6 12.5 


Ba 
Ba 


205017 
X Delphini 
1050.9 10.3 
73,7 11.6 
82.7 12.3 
91.6<11.4 
95.6 12.8 
96.7 12.6 


205923 
R Vulpeculae 
1042.8<10.2 R 
49.7 12.0 
51.9 10.5 
82.7 
85.6 
89.6 
96.7 
1106.6 


Neses: 
NIs1QDOo?d 
w 
ie) 


210116 

RS Capricorni 
1042.8 R 
78.7 
97.7 
1100.6 
01.6 
05.7 
07.6 


tion 


Ba 
BI 
Ba 
Pi 
M 
Ba 


90 96 Ge ~1. G0 ~I Ge 
wnwnoa 


= 
= 


210129 
TW Cygni 
1066.7 10.7 
73.7 11.1 
81.8 11.0 
82.7 11.1 
95.6 12.1 
97.7 10.8 
1100.6 11.7 
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210868 213843 
¥ Cephei SS Cygni SS Cygni SS Cygni SS Cygni 
J.D, Est.Obs jJ.v Est.Obs. J.D, Est.Obs. J.D Est.Obs, J.D Est.Obs 
242 242 242 242 242 
10064 106 L 10064 11.8 L 1065.6 83 B 1082.8 11.0 E 10996 83 M 
394 102 L 084 119 L 656 83 M_ 83.6 11.0 M 99.7 86 Le 
428 105 R 184 118 L 666 84 Le 847 11.8 Le 11006 85 L 
$14 98 L 28.4 82 L 66.6 8.4 Ma 87.6<11.0 Cr 00.6 8.6 Ba 
555 94 Le 39.5 98 L 66.7 85 V  87.6<11.4 Nt 006 83 5S 
616 99 O 414 104 L 67.6 8.3 M 88.6 11.7 Ba 00.8 86 E 
72.6 98 M 427 108 R 67.6 84 Le 896 11.6 Ba 01.5 82 Pi 
73.7 8.6 Ba 43.4 11.0 L 686 86 M 91.6 11.1 Nt 01.5 85 Ba 
74.7 94Ma 447 109 R 686 89 Ba 91.6 11.1 Cr 015 83 Cr 
78.6 94Ma 45.5 11,0 L 68.6 85 Le 91.6 11.1 Bu 01.6 8.5 Ma 
78.6 9.1 S 44.6 11.2 Cr 68.7 90 R 91.6 11.1 B 01.6 86 B 
916 93 Bu 45.7 114 B 689 92E 916-96 S 01.6 8.2 Nt 
92.6 84 Sc 46.7 116 R 696 91 Se 92.6 11.0 Nt 026 83 Ma 
93.6 83 B 47.6 11.6 Le 696 91 B 926 106 B 02.6 8.2 Cr 
93.6 88 M 47.7 107 M 69.6 89 Le 92.6 10.9 Cr 02.6 81 Bu 
946 9.0 Ma 47,7 11.1 R 69.7 94 V 926 11.0 Sc 036 85 Le 
97.7 88 Bl 478 118 E 699 93 E 927 IL1 Ba 045 85 Ba 
99.6 87 Ma 488 11.8 E 70.7 9.5 Le 92.7 10.9 R 946 8.2 Nt 
1100.6 80 Ba 49.7 11.0 M 70.7 9.6 V 92.9 10.7 E 046 83 M 
046 90Wh 50 114 YT 708 93 M 93.6 11.1 Bu 046 835 
07.7 8.7 Nt 506 11,5 Cr 70.9 95 E 93.6 10.7 B 04.6 8.6 Wh 
105 88 O 508 114 M 716 9.7 M~ 93.6 11.0 M 046 87 B 
esac 51 114° YT 716 97 V 93.6 11.0 V 046 8.6 Se 
< Peoass ~ 11.6 L 717 9.2 R 93.6 10.7 Cr 046 8.3 Cr 
1078.7 11.0 Ba 2!-6 11.3 Wh 71.9 15 E 93.7 11.3 Wh 04.7 8.6 Le 
11006 104 Ba 2-6 11.5 Cr 726 100 M 93.7 10.9 Ba 05.6 84 Le 
076 101 Ba ye a 7” 72.7 = Y +y: 10.8 1’ 05.6 8.2 Nt 
‘ een a1. 6 Pi = 72.7 9. 94.6 10.6 05.6 89 B 
211015 | 518 118 E 73.6 102Wh 94.6 106 M 05.6 84 M ' 
T Capricorni 52.6 11.8 Cr 73.6 10.6 Ba 946 10.7 Ba 06.6 82 Nt 
1078.7 12.7 Ba 527 116 Pi 73.7 10.7 Pi 946-96 S 066 83 Bu 
1100.6 12.8 Ba 527 118 Le 73.7 102 M 946 11.0 V 066 88 B 
213044 52.8<11.3 V 73.7 10.3 Le 94.7 10.6 R 06.6 86 Ba 
W Cygni 54.8 11.8 Le 74.6 10.4 M 95.6 10.8 Nt 066 83 Cr 
1006.4 5.7 L 55.6 11.8 Le 74.7 10.1 R 95.6 11.1 Bu 06.7 87 O 
44 $64 L 56.6 11.6 Bu 74.7 10.6 Le 95.6 11.1 V 06.7 8.5 Le 
28.4 54 L 586 11.6 Bu 75.7 109 R 95.6 10.55 Se 07.8 82 Nt 
39.5 55 L 58.7 11.8 Le 76.7 11.5 Sec 95.6 106 B 07.6 88 B 
455 §5 L 59.6 11.7 Bu 77.6 11.7 Ba 95.7 10.8 Ba 07.6 86 Ba 
514 54 L 606 116 Bu 77.6 119 B 966 99 Nt 07.6 85 M 
51.6 54 Le 60.7 118 Le 77.6 <96 S 96.6 98 Bu 07.6 83 Cr 
648 63 Lu 62 11.4 T 77.6<11.0 Cr 96.6 9.2Wpi 09.6 8.7 M 
65.8 6.2 Lu 62,6 10.8 Le 77.6 11.9 Bu 966 98 Pi 096 870 
66.8 6.3 Lu 62.6 11.0 M 77.7 11.8 Le 96.6 25 8B 09.7 8.7 Le 
213678 62.7 11.7 B 78.6 11.6 Ba 96.6 9.7 Ba 105 88 O 
S Cephei 63 11.4 1 78.6 120 B 966 96 Le 106 88 M 
1052.7 10.6 Le 636 106 B 786 <96 S 968 91M 11.5 87 0 
726 108 M 63.6 10.7 Ba 78.6 12.0 Cr 97.6 84 Bu 
73.7 9.7 Ba 63.7 10.5 Le 78.7 118 Le 97.6 86S 213937 
936 10.0 B 64 83 T 78.7 115 R 97.6 84 M RV Cygni 
93.6 11.2 M 646 83 Nt 787 108 M 97.6 8.5 Ma 10184 63 L 
996 11.5 M 64.6 84M 79.7 10.8 R 97.6 90 8B 19.8 6.5 Le 
1100.6 113 Ba 646 83 O 79.7 118 Le 97.7 87 Le 434 64 L 
eae 64.6 84 Cr 80.6 11.7 Ba 98.6 87 B 47.4 7.7 R 
213753 646 9.0 B 806 118 Cr 986 83 Pi 47.7 63 Le 
RU Cygni 64.6 8.6 Bu 80.6<12.1 Sc 986 82 M 51.6 69 Ma 
1042.8 84 R 647 83 Le 81.6 11:8 Cr 986 81 Nt 59 78 T 
656 78 M 65.6 83 Nt 826 11.6 Ba 987 84 Le 62 80 T 
73.7 7.3 M 656 8.6 82.7 118 Le 988 87 E 626 78 M 
82.6 7.8 M 99.6 86 Ma 65.7 63 Le 
1101.6 7.5 Ba 66.6 68 Ma 
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220613 230110 231508 
RW Cygni Y Pegasi R Pegasi S Pegasi Z Cassiop. 
J.D. Est.Obs. J.D. Obs. Est. J.D. Est.Obs. J.D. Est.Obs. J.D. Est.Obs. 
242 242 242 242 242 


1073.7 6.6 Bail05.6 10.4 B 1051.7<10.6 Pi 10548 10.2 E 1089.7 10.0 Ba 


74.7 6.3 Le 548<12.1 E 73.8 10.0 M 1101.6 10.9 Ba 
78.6 74 Ma 220714 | 78.7 12.7 Ba 78.7 10.4 Ba 
82.6 7.7 M __ RS Pegasi 95.7<10.1 Se 1101.6 11.0 Ba 235209 
83.6 7.0 Ma!105.6 123 B 11016<125 Ba 056 11.1 B V Ceti 
89.6 64 Ba oo 05.7 11.0 Wh 05.6 106 M 1078.7 10.1 Ba 
uw aik 95.7 93 Ba 
11006 66 Ba,,>,-acertae 233335 1106.6 9.5 Ba 
; 1073.7 10.9 Ba —- 230759 ST Androm. 
214924 73.8 109 M YVCassiop 1047.8 89 E 235350 
RR Pegasi 89.6 11.6 Bajo428 88 R 50.8 9.1 M _ RCassiop. 
1047.8 10.9 E 1100.7 121 Ba 498 88 E 687 91 Ba 1047.9 126 E 
73.7 12.5 Ba 11.5<10.4 0 50.8 90 M 786 9.0Wpi 50.8 10.7 M 
1106.6< 13.4 Ba a 51.7 9.0 Pi 786 89 Pi 77.7 12.9 B 
07.6 13.6 B 225120 77.7 9.7 Sp 78.7 87 Ba . 948 12.9 B 
215605 SAquarii = =§777 98 B 896 85 Ba 1107.6 13.0 Ba 
— 1073.7 8.6 Ba . a a oo ; 
V Pegasi 977. 78 BL 787 10.1 Mu 946 93 S 935595 
1051.8 13.0 E 14997 78 Ba 787 10.0 Ba 956 94 Bu opt. 
: 8 é ave ¢ ac egasi 
73.8<10.8 M q77 94 M926 103 B 998 94 M jnsog Pen yw 
1105.7<13.8 Sp" : 92.7 10.7 Sc 1100.7 8.9 Ba ““go'3 413 y 
06.6 13.2 B 995914 95.7 10.7 Mu 076 90 Boo gig oay'3 y 
»n Ve - 0@ Qo * . oo 
06.6-<13.0 Ba RW Pegasi 1100.7 118 Ba 096 93 O 14016 107 Ba 
215934 1069.8 10.1 V oo : 233815 11.6 10.6 0 
RT Pegasi 737 1002 Mm (86 114 Ba R Aquarii 
1052.8 10.7 V 73.7 9.8 Ba 1049.9 94 E 235939 
69.7 10.9 Vi 818 10.1 V 231425 78.7. 8.0 Ba SV Androm. 
73.7 11.2 Ba 85.6 10.0 MW Pegasi 11066 63 Ba 10499 95 E 
81.8<111 Vi 896 9.5 Bal0498 92 M 977 70 M 50.8 80 M 
97.7<11.3 Vo 956 9.9 Bu 548 9.7 E ; 77.7 10.4 Sp 
1106.6 11.1 Ba 978 101 V 698 99 V 233956 78.6 10.1 Pi 
220412 1100.7 96 Ba 818 10.9 V  ZCassiop. 78.7 9.8 Sp 
T Pegasi 01.7 10.2 Pi 85.6 93 M 10478 99 E 78.7 10.1 Ba 


10956 11.5 Bu 056 10.3 B 89.6 9.8 Ba 50.8 9.7 M 89.7 10.6 Ba 
01.6 12.5 Ba 06.6 10.2 Bu 97.8 103 V 54.8 9.7 E 1101.6 11.0 Ba 
05.6 13.4 B 07.7 9.9 Sp 1100.7 104 Ba 78.7 99 Ba 07.6 11.0 B 


July-Aug. July-Aug. 
No. of observations 1049 1452 
No. of stars observed 170 196 
No. of observers 21 22 


It is a pleasure to note Mr. F. C. Leonard's return to the fanks of active observ- 
ers. Mr. Leonard recently received an election to the Royal Astronomical Society. 

The congratulations of the Association were sent to Professor E. C. Pickering. 
Director of the Harvard College Observatory, on the occasion of his birthday, for 
which a cordial note of thanks was received by the Secretary. 

The September issue of the “Monthly Evening Sky Map” contains an able 
article on Variable star observing by Mr. D. B. Pickering which well describes our 
methods and aims. Mr. Pickering recently observed the asteroid Eunomia on the 
field of the Variable 230110 R Pegasi. Mr. Campbell observed it with the photo- 
meter and noted a variation of .5 of a magnitude in three hours. 

Dr. Gray, who now visits the Southern Hemisphere frequently, has been observ- 
ing a number of neglected variables that are too far south for us to observe. 
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Mr. Bancroft’s highly commendable list of 482 observations of 168 Variables 
which he contributes this month is the best that the secretary has received, and 
speaks well for Mr. Bancroft’s interest and zeal. It is a record to be proud of as 
well as a valuable contribution to science. 

The recent rise of the variable 213843 SS Cygni was exceedingly well observed. 
One hundred and twenty observations of this variable were made in an interval of 
seventy-two days, which indicates what can be accomplished by codperation when 
we wish to concentrate attention on any particular star. 

One of the many interesting features of this report is the indicated rise of the 
Variable 184205 R Scuti, which was particularly well observed by Messrs. Bancroft, 
Burbeck, and Mach. The latter is deserving of great credit for his really wonderful 
work with a 2” glass. He contributes a list of sixty-five observations this month, 
which is a good record for observers with a 3” refractor. 

Mr. Eaton was a fortunate observer of the recent occultation of Saturn, and 
the thanks of the Association are due him and Mr. McAteer for their early morning 
observations which are of special value. 

The following calculated dates of maxima are cited from the “Companion to the 
Observatory.” * 


Sept. 3 085008T Hydrae Oct. 2 070112 R Geminorum 
10 160625 RU Herculis 2 084803 S Hydrae 
14 183308 X Ophiuchi 9 021024 R Arietis 
27 195849 Z Cygni 18 194048 RT Cygni 


21 103769 R Urs. Maj. 
21 123961 S Urs. Maj. 

To facilitate the work of the Secretay it is very important that lists of obser- 
vations should reach him by the first day of each month. Will 
comply with this request in the future. 

The following members contributed to this report:—Messrs. Baldwin, Bancroft, 
Bouton, Burbeck, Crane, de Perrot, Eaton, Gray, Gregory, Hunter, Lacchini, Leonard, 
Mach, McAteer, Mundt, Nolte, Olcott, D. Pickering, W. Pickering, Richter, Schul- 
maier, Spinney, Vrooman, Whitehorn, Yendell, Miss Ludeke, and Miss Swartz. 


WILLIAM TYLER OLCort, 


members kindly 


Corresponding Sec’y. 
Norwich, Conn. 
Sept. 10, 1916. 





COMMUNICATIONS. 


A Correction.—Will you pardon me if | call your attention to a little slip 
of the pen on p. 446 of the Aug.-Sept. PopuLAR Astronomy? It occurs in the inter- 
esting translation of Flammarion’s article on the “Advance of the Legal Hour.” 
where he says: “The active existence of governments, of Offices, occurs between 
8 o'clock in the morning and 6 o'clock at night...... the centre of which is not the 
noon, but anhour.” The last two words were, I presume, inadvertently substituted 
for “one o'clock.” The French expression, “une heure’ admits of the double 
rendering. 


EpitH R. WILSON. 
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A Very Unusual Aurora was observed at Alma a few nights ago and 
since like phenomena may have been observed elsewhere, I am enclosing notes 
taken at the time which you may use if you care to. 

August 26. 10:45 to 10:55 Standard time. At this particular time the phenom- 
ena had the appearance described as follows: Magnificent auroral streamers 
covered the sky, rapid in movement from east to west. The streamers were as 
much as 90° in length, some of them, and were particularly bright near the zenith 
and higher altitudes. 

Appearance at 10:45: Jupiter was at an altitude of 40 degrees. Streamers 
came apparently from the direction of this planet. A long dark space between 
the streamers extended east and west across the sky, gradually broadening toward 
the west, the taper being near the planet. The zenith was particularly brilliant 
with momentarily bright clouds of this streamer substance. One could fancy such 
an effect being produced by rapid motion through rare matter. 

The night was cool and there was a little wind. The sky was hazy, only the 
brighter stars being visible. There were occasional patches of small scattered 
clouds. 

Auroras have been very frequently observed in this locality during the past 
year. 

CHARLES A. MANEY 
Alma, Mich. Sept. 4, 1916. 


Planetary Conjunctions.—I enclose a list of some observations of Venus 
and Jupiter which I thought might be of interest. 
I read the article of Dr. Dawson in the June-July Number and that prompted 
me to send the enclosed taken from my record book. 
I am too old now to do much work at night, but keep watch of comets and 
sunspots yet, in a general way. 
OBSERVATIONS OF PLANETS IN CONJUNCTION. 
Dec. 20 1881 Neptune and Jupiter in field low power 
July 20 1883 Mercury and i 40’ apart 
26 1883 Venus and a . 
17 1885 Mercury and Venus 22’ 
Aug. 5 1885 Venus and Jupiter 35’ 
” 8 1886 ” and Saturn g 
Venus seen. Saturn not 
seen. They were about 2" west of 
Oct. 13 1908 Venus and Jupiter 20’ apart 
* 28 1910 “ and = ~~ * 
Jupiter not seen; only 8° from ©; but Venus seen. 
These were observed in a 5’ Clark Telescope. The notes were taken from my 
observing book. Some were early morning observations. 





JOHN R. Hooper. 


A More Favorable Public Opinion.—tin the May number of PopuLar 
Astronomy, Mr. Bigelow has stated that the “Greatest need of astronomy is a more 
favorable public opinion.” I wish to point out some causes for the lack of interest 
in astronomy, and to mention some efforts for improvement, 

It is so much more natural for people to look down than up that Galileo in his 
time deplored the general indifference to the stars. It is small wonder that the 
ignorance has not been lessened in our modern electric lighted life. A city dweller 
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knows no lights above flaring advertisements; and when a planet succeeds in 
attracting his eyes, he concludes that it is an airship, If he goes into the country, 
he either rides in a brightly lighted trolley car, or in an automobile which holds his 
attention on the lighted road in front. 

In the past, universities taught astronomy to only a few mathematically gifted 
students. Ordinary people, although they might be acquainted withthe stars, did 
not dream of studying astronomy. But now, the more progressive colleges offer 
courses in which any student capable of doing college work may get a clear com- 
prehension of astronomical phenomena; may become familiar with stars; and see 
the planets and some clusters and a few nebule through a telescope. In the best 
courses, laboratory work with globes, photographs and other apparatus supplements 
the out-door observations. Nevertheless, the fear of astronomy as a too mathe- 
matical subject is still prevalent; and the prejudice against it is increased by the 
modern demand for educational subjects of practical value. Studies are ordinarily 
divided into two distinct classes in which the humanities comprise the cultural 
group; sciences and industries, the utilitarian. By this classification, astronomy, 
being a science, is not placed in the cultural group, and as relatively few people 
need any knowledge of astronomy in their business, it is not generally practical. 
Therefore, being regarded as useless, it is seldom offered in secondary schools and 
is elected by small numbers in the colleges. As a result, there are few even among 
college graduates who ever notice the stars or can explain simple astronomical 
phenomena. 

It is a mistake to blame the research observatories for the public’s ignorance, 
For although their business is not primarily instruction, they do teach both directly 
and indirectly. In the June number of PopuLar Astronomy, Mr. Brashear has 
described the valuable educational work of the Allegheny Observatory. Lick Ob- 
servatory is open to visitors every Saturday evening; they may look through both 
the twelve-inch and the great thirty-six inch refractors; and astronomers explain 
the beautiful glass photographs of celestial objects. The Yerkes Observatory gives 
popular lectures twice a week which are enthusiastically attended by hundreds of 
people. Moreover, the results of the investigations of all the great observatories 
are available not only to professional astronomers, but to the public through popular 
books and magazines. Some of the greatest astronomers have written successfully 
for the public, Besides the large observatories, there are many smaller ones belong- 
ing to cities, colleges, and societies, which are open to visitors either by appointment 
or on certain evenings of the week or month. 

All these efforts help to inspire interest in astronomy; but a visit to an obser- 
vatory or an astronomical lecture will not teach a person to know the stars. Merely 
pointing out stars once or twice or showing them through a telescope does not 
suffice. In order to recognize the same stars in different parts of the sky, frequent 
observations are required for at least a whole year. The extension lectures and 
summer school courses in popular Astronomy given by some universities are appre- 
ciated by a variety of people. Doubtless a greatly increased number of such courses 
would be profitable to many people. 

Nevertheless, relatively few grown people will take the trouble necessary to 
become familiar with the stars; but children are eager to learn; they have not 
acquired the habit of always looking down and have not become resigned to 
conventional ignorance. Scout and similar organizations help rouse interest in 
astronomy. For although the required knowledge of the stars is necessarily 
extremely limited, honors are offered to induce boys or girls to learn the constella- 

tions and facts about the bright stars. Time is well spent in helping groups of boys 
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and girls win their honors in astronomy; for children who learn to love the stars 
will always use every opportunity to learn more about them. As such children grow 
up, they will know how to look and think beyond the limits of our own little planet. 
LEAH B. ALLEN. 
Whitin Observatory. 
Wellesley College. 


A Home-made Telescope.—I am sending you a photograph of my reflect- 
ors. The one with the equatorial mounting was built by myself. The mirror is 6’ 
in diameter and of 53’ focus. The mounting is rather rough, as I had to use any 
material I could find. I was helped by Mr. Mellish of Cottage Grove, Wis., and 
Mr. Hassard of Toronto, Canada, The one with the wooden tube was made for me 
by Mr. E. C. Gray of North Jay. Maine, It is of 60’ focus and 6” diameter. 


I use 
it to observe the sun. 











Mr. WELCH AND HIS TELESCOPES. 


On the morning of August 25 [I observed the occultation of Saturn with my 
equatorial. It was a fine sight and the first time that lever had a chance to see 
Saturn occulted, I made the immersion about 3" 16"; the emersion 4" 19™, 


FRANK H. WELCH, 
14 Bank St, Brunswick, Maine. 
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GENERAL NOTES. 


We had expected to give a brief account of the August meeting of the Amer- 
ican Astronomical Society in this number of PopuLAR Astronomy but the copy had 
not reached us at the time the forms had to be locked up for the press. This 
account and some of the abstracts of papers will appear in our next number. 

If the tabular matter in this issue seems out of proportion to the popular 
matter please notice that we have added an extra eight pages in order to include 
all that we thought should be printed at once. 





Dr. Percival Lowell and Professor Frank Schlesinger have recent- 
ly been elected honorary fellows of the Royal Astronomical Society of Canada, 

Mr. Edward F. Bigelow, Editor of the Guide to Nature has been elected 
“Scout Naturalist” for the “Boy Scouts of America,” and will endeavor to interest 


the boys in astronomy through a department “On Nature’s Trail” in the magazine 
Bov’s Life. 





Variable Nebula.—At the August meeting of the Royal Astronomical 
Society in London Mr. H, Knox-Shaw, of the HelwAn Observatory, exhibited lantern 
slides of photographs of the nebula N. G, C, 6726 attached to the variable star 
R Coronae Australis, which showed that the nebula itself varies in shape as well as 
n brightness. The period of variation appears to be very irregular. 


Spectrum of Comet a 1915 (Mellish).—The Bulletin No. 74 of the 
Lowell Observatory, issued August 1916 gives the results of the study of the spec- 
trum of comet a 1915, discovered by Mellish, A plate is given showing reproductions 
of photographs of the spectrum of this comet and that of comet 4 1914 (Zlatinsky). 
The two spectra are in general very much alike, but certain of the bands are closer 
together in the spectrum of Mellish’s comet than in that of Zlatinsky’s comet, The 
carbon and cyanogen bands were strong in both, The continuous spectrum was 
much stronger in Mellish’s comet which did not approach so close to the sun as did 
Zlatinsky’s comet, 








Large Telescope Built by Students.—In the Scientific American for 
September 9, 1916, is given a brief account of a large telescope which has been 
built during the past seven or eight years by the students in the engineering 
department of the state university of Lincoln, Nebraska. “The telescope is eighteen 
feet long and will require an observatory dome twenty-six feet in diameter. It is 
equipped with a twelve-inch lens, donated by a friend of the university. To have 
purchased the instrument from a factory would have cost in the neighborhood of 
$6,000. As it is the university has secured it at an expenditure of only a very 
small part of that sum.” 





Cincinnati Observatory.—Publications of the Cincinnati Observatory 
No. 18, just received, contains Part II of the Catalogue of Proper Motion Stars. This 
part includes the stars from 6" to 15" of right ascension. 
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Interference Measurements of Wave Lengths in the Iron 
Spectrum.—The Bureau of Standards has just issued a pamphlet containing the 
results of measurements of wave lengths in the Iron spectrum by Messrs. Keivin 
Burns, W. F. Meggers and Paul W. Merrill. Between the limits 233A and 6750A 
some 400 lines were either remeasured or measured for the first time by the inter- 
ference method. The greater part of the wave lengths were measured by means of 
three interferometers, the order of interference ranging from 20000 to 50000 in the 
case of each line. The work appears to have been of a very high degree of accur- 
acy, the mean difference between these observations and the international stand- 
ards being about one part in four million. 


Photographic Observations of Seven Circumpolar Variables.— 
Volume 84, No. 1, of the Annals of Harvard College Observatory gives the results of 
the examination of the photographic records of the brightness of the seven circum- 
polar variables, T Cassiopeiae, R Aurigae, R Lyncis, R Ursae Majoris, T Ursae 
Majoris, RS Ursae Majoris and S Ursae Majoris. These are all long period varia- 
bles, with light curves that are somewhat irregular. Samples of the light curves, 
both photographic and visual are shown in an excellent plate. The observed pho- 
tographic magnitudes are printed for the whole period covered by the photographs, 
about 30 years. The observations were made under the direction of Miss Henrietta 
S Leavitt by Miss G. F. Mathews and Miss Susan Raymond, both of whom were 
holders of the Maria Mitchell Fellowship. 


On the Spectrum of the Nebula about Rho Ophiuchi.—An expos- 
ure was made for the spectrum of the p Ophiuchi nebula on the nights of June 29, 
30, July 1, 2, 3, and 4, 1916, with a single-prism spectrograph of high light-power, 
the total exposure amounting to twenty hours. A simple lens of 200™™" focus was 
used in front of the slit. The slit-width was 1™™, but as the prismatic dispersion 
was considerable and the collimator focus six times that of the camera the spec- 
trum has a length forty times the equivalent slit-width and thus fair purity for 
such cases. The light of p Ophiuchi entered the slit and its spectrum appears on 
the plate with a faint spectrum at either side attributed to the nebula. The nebular 
spectrum resembles and so far as can be judged is a duplicate of the spectrum of 
the star. No traces are present of the bright lines characteristic of the gaseous 
nebule. although owing to the concentration of its light in a few lines the spectrum 
of such a nebula would photograph in much less time than that of a nebula whose 
spectrum is continuous. 

Excellent photographs of this nebula by Professor Barnard are reproduced in 
Lick Observatorv Publications, Vol. X1 and also in PopuLaR AstroNomy, Vol. V, 
page 227. Judging from the exposures Barnard gave these plates it appears that 
with the somewhat more rapid plates available now the Willard lens would prob- 
ably give a satisfactory negative of the nebula in four hours or less. Probably 
about one-fifth of the effective photographic light of a gaseous nebula is generally 
concentrated in the hydrogen line Hy. This would thus indicate an 





exposure of 


twenty hours with a spectrograph having a camera of the speed of the Willard 
lens, but the spectrographic camera used in this case has about seven times that 
speed. Hence after allowing for some loss of light in the prism the spectrum ex- 
posure of twenty hours should have given a good record of the spectrum if of the 
bright line type, and sufficient to give a weak record if the spectrum be continuous. 
This plate shows the latter type. Care was of course exercised to avoid twilight 
and moonlight. 
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Thus it appears that the spectrum of this nebula is continuous and as far as 
can be judged from this weak plate it is like that of the star p Ophiuchi about 
which the nebula clusters. A longer exposure spectrogram employing a somewhat 
larger lens before the spectrograph should give a better analysis of the spectrum. 
The indications are that this nebula is shining by reflected light as was here found 
to be true of the nebula in the Pleiades. In both these regions of the sky faint 
stars are conspicuously deficient in numbers. The type of spectrum conforms to the 
view that the scarcity of stars in these and certain other regions is due to light 
absorption of nebula which may otherwise be invisible 


V.M. SLIPHER. 
Lowell Observatory, Bulletin 75. 


July, 1916. 


Spectrographic Observation of Barnard’s High Proper Motion 
Star.—Spectrographic observations of the 11th magnitude star, recently discovered 
by Barnard to have an exceptionally large proper motion, show 





it to possess a 
spectrum closely resembling that of the red star 6 Virginis. The spectrum belongs 
to the Ma class which includes those of the well known red stars Antares and 
Betelgeuse. 
The velocity of the star in the line of sight is only moderate, measures for 
which indicate an approach of something like forty kilometers per second 
V. M. SuivHer. 
Lowell Observatory, Bulletin 75, 


Flagstaff, Arizona. 


The Mundane System in the time of Louis NIV. 
Note:—The following is a translation of an article by the great French astron- 
omer, Camille Flammarion; an article that seems to its translator well worth publi- 
cation in PorpuLar Astronomy. It appeared in 1914 in the Bulletin de 
Astronomique de France. 


a Societe 


CHARLES Nevers Howes. 
Hotel Nottingham, 
Boston, Mass. 

“The age of Louis XI is of yesterday We are still near enough to it. Ihave 

related in my Mémoires that at the beginning of my career, in 1863, | was 

acquainted with the nephew of Montgolfier, Marc Seguin the ingénieur 

of the Cosmos, of which I was astronomical editor, and that with 


proprietor 
relation to this 
celebrated family I know I was contemporary with Madame Montgolfier, wife of the 
same inventor, for she only died in 1845, when I was three years old It is 
true that she lived one hundred and eleven years, which is rare; but, all the same, 
I reach through her to the year 1734. Louis XIV having left this world in 1715, one 


sees that a human being with whom the men of my generation have been 


con 
temporary, born for example towards 1830, has been able easily to be acquainted 
with people having seen Louis XIV. There is then only a single intermediary 
between the grand monarch and ourselves, and this intermediary need not have 


been a centenarian as Madame Montgolfier. 

“Ah well, in that time which dates from yesterday, men still believed the 
Earth was the center and the object of Creation, and the mundane system taught 
at the Sorbonne and at the Collége de France was that which the following figure 
places before our eyes. 

“This figure is taken from the work of Gassendi, /nstitutio Astronomica, of 
which all scientific bibliophilists possess several editions in their library. This one 
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is of 1656. All of the astronomical treatises of the 17th century show this repre- 
sentation of the universe. Our globe is in the center, immovable, having two 
fundamental elements, earth and water, continents and seas, surrounded by two 
other higher elements, air and fire. 
Around us there move, in the order 
COELVM ELMPYREVM ree = ?_~ nig Venus, 
the Sun, Mars, Jupiter, Saturn, in 
IMMOBILE. seven cieux or seven movable 
celestial spheres. Above there is 
the firmament of the fixed stars. 
Still farther, two crystalline cie.x. 
Finally, the Primier Mobile, which 
imparts the movement to all the 
universe, and, farther away, in the 
outside space, the immovable Cie. 
EmpPYREE, abode of God, of the 
angels and of the elect. 

“This was very simple from the 
philosophical view-point; but it was 
extremely complicated astronomic- 
ally, for it was truly impossible to 
explain the movementsof celestial 
bodies. 

“Such was the usual opinion. 
The Pensées de Pascal commence 

Fic. 1.THe System OF THE WORL D AT thus : ‘That gue —— contemplate 

int Mien on Rome all nature in her high and full ma- 

jesty; that he may remove his eyes 

from the mean objects which surround him; that he may view this brilliant light 
placed as an eternal lamp to illuminate the universe; that the Earth may 





























appear to him as a point in comparison with the vast revolution that this star 
describes.’ 

“Bossuet, Fénelon, all the educators had the same opinion. The Earth is im- 
movable at the center of the universe, the Sun has been created to light the Earth 
and to turn around her in twenty four hours. The planets and the stars turn like- 
Thema JohannisRegiomontani,aGarczocreétum | Wise around us. The system of the moral 
world has for foundation this system of the 
physical world. This is the biblical and 
Christian creation of the Fathers of the 
Church. The condemnation of the Copernican 
theory, supported by Galileo, is in 1633. One 
recognizes in it the words: ‘That the Sun 
should be at the center of the world and 
relatively immovable is an absurd and false 
proposition in philosophy, and actually heret- 
ical because it is expressly contrary to the 
Holy Scripture.’ 

“This text had the force of law for a long 
time. Descartes, for his peace of mind, threw 
Fic. 2. THE HOROSCOPE OF into the fire the work he had written on as 

REGIOMONTANUS. tronomy. The liberal minds recognized the 
evident superiority of the Copernican hypoth- 
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esis over the ancient theory; but it was forbidden them to proclaim it. Morin, pro- 
fessor of astronomy at the Collége de France, was an astrologer and told the 
horoscope of Louis XIV to Saint Germain, the day of his birth (September 5th, 
1638). These horoscopes are not different from those of the 15th or the 16th centur- 
ies of which we have a specimen here concerning Régiomontanus, the classical 
horoscope calculated by Garcoeus on the subject of violent deaths. 


“Régiomontanus is born, as is evident, on the 6th of June 1436, at 4h 4m in 
the afternoon, in the latitude 50° 16’, under the indicated astral positions. 

“In all the cosmic treatises of the 15th, 16th, and 17th centuries, one finds 
figures analogous to those which we reproduce here, extracts of the first classical 
printed works. The hypothesis of Tycho Brahé made a light diversion from 1580 
to 1600; but it was not lasting, and Ptolemy alone remained opposing Copernicus, 
the former being dominant. At the foundation of the Observatory of Paris (1672), 
people were still divided, and the Sorbonne did not wish to yield, 

“With regard to this, it is perhaps not without interest to recall here the singu- 
lar cosmic system imagined by Milton in his noble poem of Paradise Lost, written 
from 1658 to 1667. One may gain an idea of it from the facsimile reproduced here 
from Milton’s Astronomy by Thomas N. Orchard (Longmans, 1913). As’ we see 
it, hell is at the bottom, heaven on high, chaos extends between hell and heaven 
a causeway is drawn as far as the Earth, the center of the celestial spheres. A 
spherical shell surrounds the physical universe. 


“Science has advanced. To uphold today 
HEAVEN of tHe EMPYREAN the text invoked by the judges of Galileo, 


| would be to maintain that the Sun, 1,300,000 

} | times of more volume than the Earth and 
| | | 333,400 times heavier, turns around this point 
with the velocity of 10,870,000 meters per 

second, in order to describe each day a circle 
of 939 millions of kilometers in circumference 





CAVEN CATE 




















3 around this small point declared fixed by the 

Choven primitive legend TVerra in aeternum stat! 

A an and contrary to all the laws of mechanics as 

Ufa \ \) See aten to those of good sense. 

(Sy) “Galileo died in 1642, at the age of 78 

SS yy years, in an unpretentious dwelling from 
= = which it was forbidden him to go out on any 
7 THE UmIVERSE pretext, where he remained eight years a 

A CHAOS CHAOS prisoner, and where he drew his last breath. 

: “He was an exile from human society. 
, ' It was forbidden him, under penalty of the 
AE RELL Sy SSea > e rigors of the Inquisition, to declare to whom- 


il 








soever it might be his ideas on the movement 
Fic. 3. THE COSMOGRAPHIC SYSTEM of the Earth, and he was obliged to recite 
or Mazon's “Panapest Lost.” three times every week the seven psalms of 
penance as a punishment for his pride. A 

final ordeal was reserved for him, that of losing his sight, for him whose eyes had 
made such discoveries and who had shed light over human minds! He died on 
the 19th of January, 1642, in a room which we can still see today. This house 
has been religiously kept as it was in the time of the great rénovateur. It is there 
that he received, in the summer of 1638, the visit from the poet Milton, then in his 
thirtieth year. We can think that the Florentine astronomer remained silent 
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regarding the Copernican truth and left his caller in Ptolemaic error. He had 
risked too much! 





“I never go to Florence without 
making a pilgrimage to this pleasant 
dwelling, to this noble home of perse- 
cuted genius, and without visiting the 
hill of Arcetri to salute in silence this 
ever present memorial of the one of 
the episodes most unforgetable and 
most- pathetic in the history of sci- 
ences. I place before the eyes of our 
readers a souvenir of last year; the 
house of Galileo, viewed from the 
garden, a photograph taken informally 
and under very poor perspective con- 
ditions. 

Since the epoch of Galileo, since 
two centuries and a half, what 
scientific rénovation, what flights in 
astronomical conquest. Everything 
has been transformed, transfigured, 
from the Earth to the stars!” 

CAMILLE FLAMMARION. 





Fic. 4. THE HOUSE IN WHICH GALILEO DIED. 


Encke’s Comet Rediscovered.—A cablegram from Copenhagen to Har- 
vard College Observatory announces that Encke’s comet was observed Sept. 22.3796 
Greenwich mean time in right ascension 22" 28™ 39°.0, declination south 70° 08’ 05’’. 
The position given is an impossible one for Encke’s periodic comet which is near 
aphelion now and must be near the ecliptic. Possibly the declination is south 
7° 08" GS”. 


Finding a Suitable Site for the 72-inch Reflector.—In the Publica- 
tions of the Dominion Observatory, Ottawa, Vol. Il, No. 11, Mr. W. E. Harper 
gives a very interesting account of the tests which were made by him 
locations in Canada, in order to determine ihe most favorable location for the new 
72-inch reflecting telescope which is being built for the Dominion Observatory. An 
examination of available meteorological records and the conditions of accessibility 
limited the number of locations to be examined to four outside of Ottawa. 


of various 


These 
were Medicine Hat in the prarie section of Canada, Banff in the Rocky Mountain 


section, Penticton in the dry belt of British Columbia and Victoria in the Pacific 
coast region. Mr. Harper spent about two weeks at each place on both the going 
and return trip. except that Banff was omitted on the return the seeing having 
proved too bad to warrant a second examination. The principal instrument used 
was a 414-inch Cooke photo-visual telescope. Although the elevation of the station 
at Victoria was only 230 feet, it clearly outranked the stations of greater elevation 
both in the smallness and the steadiness of the star images, as well as in the small 
daily and annual range of temperature. The number of clear nights at Victoria 
and Ottawa is about the same, the latter having any advantage there is. The 
transparency of the sky was greater at the more elevated stations, but this was 
offset by the greater unsteadiness. of the star images. 








